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ABSTRACT

The EULER1 Fortran program for computing one-dimensional
Tt unsteady flow based on the QAZ1D method of Verhoff was

extended to provide tracking and correcting of discontinui-

. . .
K ties, flow to right or left and open and clcsed end boundary
3
O
i conditions. The program was run on four shock tube test
cases to verify accuracy and range of capability of the
\
{
s revised E1DV2 code. Further extensions and test verifica-
*}
Q tions are recommended so that the code is suitable for wave
K
: rotor applications.
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2 (K) Vector of the right hand sides of the
governing equations
A Small spatial change
S Small change with respect to time
8,9 Flow angles with respect to reference
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I. INTRODUCTION

The investigation of wave rotorsl and their possible
application in gas turbine engines at the Naval Postgraduate
School's (NPS) Turbopropulsion Laboratory prompted the
development of a one-dimensional unsteady flow computer
code. The QAZ1D method developed by Verhoff [Ref. 1] was
chosen over other methods [Ref. 2] for reasons which

included the following:

1. The method is based on the use of characteristics.
Such methods can model wave propagation accurately.

2. The use of a natural streamline coordinate system
eases the difficult task of computing with two and
three dimensional grids.

3. The equations are written in a form which allows a
straightforward extension to viscous flows.

Salacka [Ref. 2] verified the development of the equations

and implemented a one-dimensional Euler solution of the

- 1The wave rotor consists of simple tube-like passages
along and around the periphery of a drum which rotates
between end walls containing inlet and outlet (partial
admission) gas ports. Compression and expansion processes
are - arranged to- occur in a cyclically periodic unsteady
process within the rotor such that a high pressure driver
gas is used to compress a low pressure driven gas. The
compressed driven gas is led from the outlet port to the
combustor and brought back into the rotor as the driver.
The expanded driver gas exits an outlet port. Thus the
rotor functions as both turbine and compressor with direct
gas-gas energy exchange through unsteady wave processes.
The technology of such devices requires the design of
appropriate cycles using one-dimensional calculations, and
analysis of the multi-dimensional unsteady flows such as
occur during port opening and closing.
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shock tube problem in the EULER1 code. The EULER1 code was
limited to high pressure set on the left, with flow and
shock velocities to the right. The shock wave was tracked
and corrected for in the flow, but the contact discontinuity
was not, and the expansion wave was not tracked. The code
also did not treat end boundary conditions.

The present work extended the EULER1 code of Salacka to
become the "Euler 1D Version 2" or E1DV2 code which:

1) can handle both right and left traveling flow and
discontinuities

2) implements tracking and correction of the contact
discontinuity

3) implements tracking of the expansion wave
4) models closed wall and open end boundary conditions

5) models shock and contact surfaces within a grid
interval.

Section II and Appendix A describe the analysis underlying
the revisions. The Fortran code, E1DV2, 1is detailed in
Section III and Appendix C and graphical results of four
test cases to demonstrate the new features of the code are
given in Section 1IV. A discussion of these results and
limitations of the present code follow in Section V.
Conclusions and recommendations are made in Section VI.
Appendix B contains instructions to operate the code on the
NPS computer and the FORTRAN listing is included as Apperdix

D.
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II. C co T Q

A. OQAZ1D DESCRIPTION
The QAZ1D analysis and numerical solution scheme is an
explicit, non-conservative method that uses extended Riemann
variables to model the multi-dimensional Euler equations in
a natural streamline coordinate system. Table I 1lists a
summary of the applicable equations which are derived in
detail in [Ref. 2].
1. The Coordinate System
Figure 2.1 shows the natural streamline coordinate
system (s,n,m) relative to a fixed rectanqular cartesian
system (x,y,2). The right-hand orthogonal system moves in
curvilinear transliation along a streamline. The '"s"
direction is measured in the direction of the flow, tangent
to the streamline. The "n" direction is perpendicular to
the s direction in a plane'pefpendicular to the x-z plane.
The "m" direction is normal to the plane cbntaining the n
and s directions. The angle ; is the angle between the s-n
and x-y planes, and the angle 5 is the angle between the
velocity vector and the x-z plane in the s-n plane. 7Tn the
one-dimensional problem treated here, the s direction is
such that velocity to the right is positive, and to the left

is negative. [Ref. 1l:p. 2]
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; TABLE I
' SUMMARY OF THE EULER EQUATIONS
Y Definitions
0
{' Speed of sound A = APl (I.1)
o Modified entropy dQR
; change ds = - T (T.2)
? so that
S _ g _2 2y - 1n(P/o") ] (I.3)
\ Rs Ty-1t )
,: Extended Riemann
4 variables Q =g+ AS (I.4)
: R =g - AS (I.5)
¢
% le ations
4
' 3Q 0 _ _yl _ 2,3 _ 2
: Tt @A LA - 257 I5gla - 75pA))
L)
¢
N vy-1 36 L)
:; -TqAS[ﬁﬁ-+ cos 8 = (I.6)
L}
! R, (MR - YLy 2,0 . 2
‘: E-& (g A)E = TA(S Y—_T) [as(q*'Y-lA”
¢
.'
a -1 38 39,
+XTqAS[§H+coseam] (I.7)
%
3
¥
‘~
. 3 . 35 _ I.8
¢ 3 T93 T ° ( )
!" 2
. 36 8 _ _AT3Inp I.9
X ®79% T Ty m e
4,
0
3, _ __A 3 1InP (I.10)
: ot 3s Ygq cos 6 om )
L
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Figure 2.1 The Natural Coordinate System

ende iema A'4 bles

The "Riemann Variables"

in most publications are
defined as

2
R1=q- (m)A

and (2.1)

254

"‘.! Rz = q + (Y+l

where q is the velocity magnitude, A is the speed of sound,
and y is the ratio of the specific heat at constant pressure

to the specific heat at constant volume for a particular gas

X : 22




7& [Ref. 3:p. 5]. Verhoff modified the definition to obtain
N
ﬁﬁ "Extended Riemann Variables," defined as
v
1...'

4 -—
;.:.1 ‘ Q=g+ AS (I.4)
8
b
v R =g - AS (I.5)
o
A
gh where S is the modified entropy given in Table I [Ref. 1l:p.
XA

|::ﬁ 2].
D 3. The Governing Equations

Ty b
w
:’é’. The Euler equations in Table I were developed in
e
R detail [Ref. 2:Appendix A] from the equations for
,.‘ conservation of mass, momentum, and energy for @ control
Sy

\ »
"‘ volume. The underlying assumptions comprise inviscid flow,
LR
" negligible body forces, no heat transfer, and a perfect gas.
.ﬁ“ These assumptions and the definition of modified entropy
]
h‘ were used in transforming the equations into a form suitable
K)
‘_,1 . . s .

g for solution using the method of characteristics.
N
igh B. CHARACTERISTIC SOLUTION
1

N h
L)
Q? Equations (I.6), (I.7), (I.8), (I.9) and (I.10) are a
lUAM
— system of slightly coupled quasi-one-dimensional partial
=
\3 . . . .
b)‘ differential equations (PDE) with eigenvalues g+i, gq, and g-
)

by LN
$” A. These equations can be rewritten along the characteris-
IR

" tics in the time-space domain to become ordinary
\.‘.0
h. differential equations (ODE) which are solved by quadrature
L)
:& and interpoliation. The propagation of each characteristic
e |
oS 23
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i curve along its particular trajectory is expressed by the
fratt respective ODE. [Ref. 1l:p. 1]

Each in the system of equations is in the form
3::: ow ow (2 . 2)

-+ \ = = 2
.'hh ot \’Js

o If w = w(s,t) it is shown by Salacka (Ref. 2:pp. 20-23] that
v = B (2.3)

o> and

T (2.4)

y where i describes the characteristic curve along which w
gﬁﬁ changes.

ﬁb: In this section the solution of the 3D Euler equations
) given in Table I is described. The computer code developed
in the present work, however, was for the 1D case wherein
’hj equations (I.9) and (I.10) are not required, and only the
o three remaining equations (I.6), (I.7), and (I.8) are

" considered.
Equations (I.6) to (I.8) for one-dimensional flow may be

- expressed in matrix form by setting

oy 24
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W = R [A] = 0 q-A 0

and

- y=1 _ 2 2
z = S Y-l) lq +\_{T]:A]s
0
L .

Then equation (2.2) becomes, for the equation set,

Figure 2.2 shows the characteristic curve in the space-
time domain between two nodes within the computational mesh.

Equation (2.2) has a solution

_ _ wat
w = - tw+ | z dt (2.5)

where 5;-is the change due to time at a fixed location, and

W is the change due to displacement at a fixed 1location,

along the characteristic curve. The value of Aw is

calculated by interpolation through an iterative scheme
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Figure 2.2
Mesh

using initial quesses

values at time level
by
t+dt
J z dt =
t

p , R A A Y
W' "."“?v'\‘s".'g"‘{ ROSLAN Xy .."'.F"%-l,-'»‘»za PSR N '.(4‘4,“,1 b

A\
et AL ML A

for the characteristic slope,

M VTN TRIVY

.q'i?‘l,o AR ATh AT I I IAT R0 op

Characteristic Curve Within Computational

A, from

t. The line integral is approximated
S,
B> ig z
z 2z z
ds = / ds = $(s,-(5.-43))
A] by S.-AS x PNt SRS |
i
Z(As/))
Z(5t) (2.6)
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) The spatial derivatives of @ and A in Z are estimated from
2 _
i% values at A and sj. Finally, 3w is calculated, and each

node is updated to the next time level.

The Courant-Friedrichs-lLewy (CFL) convergence condition

gy requires the domain of dependence of the numerical approxi-
.":|
mation to include the domain of dependence of the differen-
?ﬁ tial equation [Ref. 4:pp. 336-337]. Figure 2.3 shows that
i
o P\
'le:’!
e t+dt | 7
":" ’, 9
- + A -A
. time 9 q
.’ ¢
. «
:‘: t 4
‘o g ~
Wl 4 1 2 3 3 6
K
R
(s
et
8 & Can 3 >
[}
.lk'. X
2
L
W
J;p Figure 2.3 Computational Grid for the QAZ1D Method
B
-E: the computational grid for the QAZ1D method satisfies this
1 f:
;tg condition by having interpolated initial data points (points
"
~ 1, 2, and 3) in between previous solution nodes (points 4,
S
'3 5, 6). The g+A characteristic is estimated from values at
N“
i.,. point 4, g characteristic from values at point 5, and g-A
~ characteristic from values at point 6. The use of a maximum
.“” ‘ .
i
s 7
:3:3:
l
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time step keeps the domain of dependence of the numerical
scheme just outside that of the actual equations, aiding
convergence. Unlike finite difference schemes that are
conservative and require a numerical diffusion or viscosity
to handle oscillations or smearing, this method is stable

without numerical smoothing or artificial dissipation ([Ref.

5:pp. 562-583]. However, the equations do not account for

the discontinuities across shocks and contact surfaces
properly. Thus after each time step a one-point correction
technique 1is wused to <correct for shocks and contact

surfaces.

C. DISCONTINUITIES
1. Expansion/Rarefaction Waves

The head and tail of the expansion wave travel along
the characteristic as gradient discontinuities. Flow
velocity, speed of sound, pressure, and density are continu-
ous across a gradient discontinuity but the spatial deriva-
tives are discontinuous. Entropy remains constant through
the rarefaction wave. The head of an expansion wave moves
into undisturbed flow with a speed g+A, while the tail of
the expansion wave has a velocity g-A. No special treat-
ment of these waves is required:; the characteristics method
accurately tracks and models their influence. Expansion
waves are dgenerated when two shocks collide, a diaphragm is

burst, a contact surface and shock intersect, a shock leaves
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an open boundary, or an open boundary has a pressure lower
: than the pressure inside the tube. [Ref. 3:pp. 13-15)

2. Shocks

! Shocks are created when a diaphragm is burst,
d compression waves generated at an open boundary coalesce
into a wavefront with sufficient strength, or when a shock
and contact surface collide. Pressure, velocity, density,
0 and entropy are discontinuous across a shock [Ref. 6:pp. 30-
- 31]. The equations of motion (I.6)-(I.10) are not correct

for calculating changes through shocks. A method to correct

PR Y T Y,

for a shock is to use the ratio of the jump in the extended
Riemann variable across the shock to the speed of sound

downstream of the shock to find the incoming Mach Number

o s e,
o

3 relative to the shock (w) [Ref. 1l:p. 3]. Figure 2.4 shows

the case of a shock headed to the right. The shock velocity

o G S i Yl Y

VvV
N S
: —>
D
3 u=q-V u =q-Vv
- A 9y adqg s 5 1D s
! —_— N — <+ <
}'l
2 al\\b anjb
D)
’l
o unsteady steady
U
‘I
A
I‘ ’
4 Figure 2.4 Shock Wave with High Pressure on Left
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oy (Vg) is imposed on the flow to produce a stationary shock
e condition. Flow variables are then corrected using normal

shock relations. Figure 2.4 applies to a condition where

f_‘ high pressure is on the left. The shock is moving to the
:hé right at Vg into flow with velocity qg. Table II lists the
!"pf‘

’ equations developed by Salacka [Ref. 2] for relating the
LTAN
ﬁa extended Riemann variable change to Mach Number. Velocities
\.. )
}Qv are non-dimensionalized by the speed of sound downstream of
g

the shock direction, Ag, and pressures and densities by the
"
?‘ respective values downstream.
;é& Figure 2.5 depicts equation (II.2) over a range of
e
;Z Mach Numbers from 1.0 to 4.0. The curve is approximated by
"(ﬂ the quadratic equation
[N
l\."..
W
9% = -2.7574 + 3.1573w - 0.2863w2 (2.7)
34 A5
D
2?: If the high pressure is to the right the shock moves
LI as Fig. 2.6 illustrates, and the governing equations are as
B
h{ listed in Table III. Again, downstream conditions are used
DO
f# to non-dimensionalize velocity, pressure, density, and the
Mo
4
: Riemann variable change. The development of the equations
'.‘.G
‘s“l
{ﬁ in Table III is given in Appendix A. A plot of equation
e |
Qﬁ) (ITI.2) over a range of w from 1.0 to 4.0 is shown in Fig.
—;Q 2.7. The curve is approximated by the quadratic equation
L
= w3,
e ‘3 A - - 2
Y 7 2.7574 3.}5732w + 0.2863w (2.8)
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TABLE II

SHOCK EQUATIONS FOR HIGH PRESSURE ON LEFT

Definitions
Relative Incoming ug (qgﬂg)
Mach Number: w = - E = - —Ag-—
Equations
Q Riemann
Variable Change:
%% _ 2w, 2 )[AA_“ MLl 22
A5 G+Dw — -1 A Ag Y O-D" 7 v+
y-1 (Y-l)w2+2 Y
- (+lH( ) ]
v (y+1)w
Speed of Sound Ratio:
A 1/2
A _ 1 _a =1 2,2y 2 _

Pressure Ratio:

A - 2y 2yl

P y+1 y+1

B —
Density Ratio:

A _ (LW’

°B (Y-l)w2+2

WY EIVETT Iy Y Iy -y

(IT.1)

(IT.2)

(II.3)

(II.4)




TABLE II (CONTINUED)

Velocity Change:

D% _ 2 (wo-1) (II.6)
A y+Dw

Entropy Change:

2 2
1 )ln[Z“{w —Y+l] ( 1 )ln[(Y’l)w +2] (II.7)

S-S, = ~-(= - (=
Y (=1 y+1 0 S
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Figure 2.6 Shock Wave with High Pressure on Right
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B TABLE III

SHOCK EQUATIONS FOR HIGH PRESSURE ON RIGHT

D Definitions

‘da Relative Incoming
ﬁ, Mach Number:

_ Ia
P I (III.1)

e Equations

o R Riemann
}$§ Variable Change:

- B Ry 2049 2 Ag. Ag g 2y 2
B3

- ——lIn{({—w
3 A Ny U ST TSR R

(Y-l)w2+2;{ (IIT.2)
) ( >—) ]

fé . Speed of Sound Ratio:
-

\ 1/2
Cha 2wt - 1) (III.3)

; A
} B _ l -
...'Q. g = (Y+l)w[2({ ]-) [l +

e Pressure Ratio:
2 B 2ol (III.4)

S Density Ratio:

)

) .

g: A iyl
3 _tyllw

! (Y-l)w2 +2
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TABLE III (CONTINUED)

Velocity Change:

- (III.6)
%% 2(1-wd)
AA T (y+l)w
Entropy Change:
1 2yw2- +1 1 (Y-l)w2+2
S4-S, = ~(op W= - (P Inl ] (IT1.7)
B A v (y-1) Y+ Y- (y+1)w
36 -
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PUOLELAER ¢

An examination of equations (IX.2) and (III.2)

reveals that

Rg Ry _ [QA-QB]
A T A

This 1s expected since in flow to the right, the Q extended
Riemann variable is associated with the g+A characteristic.
Also, since velocity is defined as positive to the right, g
is positive. But for flow to the left, velocity is defined
as negative, thus q is negative. Moretti [Ref. 3] showed
that the downstrean running Riemann variable
(g+A characteristic) has a lower magnitude of discontinuity
across a normal shock than the upstream running Riemann
variable (g-A characteris-tic), and is thus preferable. In
flow to the 1left, the Riemann variable associated with
downstream is the R Riemann variable, though the character-
istic associated with the R Riemann variable is g-4, in flow

to the left g is negative and thus

g-A = =(lq| + A) (2.9)

Therefore, in fluid traveling left the R Riemann variable is

used to find Mach Number, and in fluid traveling right the Q

Riemann variable is used.




% If the shock is between two nodes with no contact
surface within the same interval, the method to calculate

the Mach Number, w, is as follows:

% 1) The change in the appropriate extended Riemann varia-
< ble across the interval is measured; R variable for
X flow left, and Q variable for flow right. Call this
N change, \m.

- 2) Use m in equation (2.7) or equation (2.8) for the
{_ appropriate flow to calculate w.

"

&' 3) With equation (II.2) or equation (II.3), for flow

right or left respectively, use w to calculate the
analytical Riemann variable change, AJde.

4) If this exact value of Ae is not equal to 2Am then
calculate a new guess, Ag from

b ADi+1 = Agy + (Am - Ae) (2.10)

and then repeat steps 2 to 4 until .)e equals :m.

Thus the correct value of w is determined, and shock

) corrections from the normal shock relations are valid. Vg

8 . . . '

“g is determined from equation (II.1l) or equation (III.1)

W depending on flow direction. Flow direction will be

"

& initially determined by the side with high pressure. High

}‘ .

A pressure on the left means flow will travel to the right.

D

! Likewise, high pressure on the right means flow will travel

,".

'% to the left.

o 3. Contact Surface

: A contact surface is a boundary between regions of

. flow which are different 1in composition or which have

s L]

N

X undergone different thermodynamic histories. Thus a contact
surface is formed when the diaphragm is burst in a shock
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tube separating the gas initially in the driver from the gas
initially in the driven tube [Ref. 6:pp. 23-29)]. In a wave
rotor, a contact surface would separate the combustor gases
from the cooler inlet air. Contact surfaces are also caused
by two shocks of opposite families colliding or a shock over
taking a shock of the same family (Ref. 3:pp. 15-18].

Figure 2.8 illustrates the changes in physical
properties through the contact surface in the shock tube
problem. The gas to the right has been compressed and

heated by the shock wave, with that to the left cooled and

tail of
expansion wave contact surface shock
—_— Y
—- g v
q-A Q S
pressure \
\
\
velocity Q
Q
- \
density N
fncrease S
modified entropy %
X \

Figure 2.8 Behavior of Physical Properties Through
a Contact ‘Surface
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g
54 expanded. The density, speed of sound, and modified entropy
i&: are discontinuous across the contact surface.
jx Since pressure is constant across the contact
% surface, using the perfect gas equation of state and the
§é first law of thermodynamics it is shown in Appendix A for
. the shock tube problem that
e
‘?:i D (s -8
R AAy = e (2.11)
e
{:ﬁ Since the flow behind the contact surface to the
%%' tail of the rarefaction wave is isentropic, the value of Spg
;1 will be known. The value of Sp is the value of entropy
?; behind the shock. Subtracting equations (I.4) and (I.5)
:&5 from each other and dividing by entropy Sg, Ag can be
o . determined. Thus the unknown speed of souna Ap 1s obtained
3% from equation (2.11). With gg equal to g, and Sp the
ﬁ% Riemann variables just behind the contact surface are calcu-
J% lated from equations (I.4) and (I.5). For a contact surface
?} traveling to the left it is only necessary to interchange
é&; the subscripts. The velocity of the contact surface is
] easily determined since it moves at velocity q along the g
ol characteristic line associated with S. ([Ref. 3:p. 16]
_ff 4. Contact Surface/Shock Interaction
ﬂ\ . When the shock and contact surface ar? within the
gﬁ same interval the calculation of the shock incoming Mach
ﬁ% ' . Number, w, must be modified. Figure 2.9 shows a plot of the
o
B3 a1
w, 4 )
=
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e X
23 Figure 2.9 Modified Entropy Distribution for Shock
i, and Contact Surface Traveling Right
e
MR
- modified entropy change across the interval. The use of the
iy

3’ Riemann values at the nodes to estimate the Riemann variable
\5
?ﬁ change across the shock would be incorrect. The correct
. Riemann variable change would be, for flow to the right,
oL
_*I:ZE
a -Q
4 -
h ASK = T (2.12)
b
%ﬁv The correct Mach Number, w, is determined using the
(W)

(%)
Eé technique of Moretti modified for QAZ1D [Ref. 3:pp. 23-24].
s Referring to Fig. 2.9, the technique for flow to the
L

%ﬁ right is as follows:

o by

L)W

‘&: 1) Calculate w as if no contact surface were in the
- interval. With values at node i+1 known, determine
K Sg. Then use w and Sg in equation (II.7) to solve for
b Sa- This is the initial estimate’'of Sg. Let Sp = Sg.
# ::
i,“ 2) The Q Riemann Variable change across a contact surface
ot is shown in Appendix A to be given by

u"i‘;
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Gy [5r7S L) (5] An
A
4cs = ZB = A!-SBO] IB‘ (2'13)
3) Define
Q rQB
A
Am = -1 (2.14)
B
then
Am = ASK + ACS (2.15)

can be solved to obtain ASK.

4) Using ASK as Am in the shock iteration scheme given in
Section II.C.2 calculate a new w.

S) With this new w and Sg use equation (II.7) to obtain a

6) Compare Sp with Sg. If they are not equal to within

an acceptable error, calculate a new estimate for Sg
using

s = S, + (S, - (2.16)

ss)
Iterate until convergence is achieved.
This will result in the proper w for a condition

with shock and contact surface interacting.

For flow to the left, it is only necessary to inter-

change the subscripts A and B, and use

Y 1)
RB.-%' 2 (SA'-SB') AB
T = [exp Sa.-SA.] (1-;) (2.17)
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. ‘f"" "'q .’s‘ 'z‘ ’\‘,’0‘;‘0 AN "6 y". ".i l,t I "l AT L0 SO




W for the extended Riemann Variable change. Figure 2.10

3 illustrates the left traveling condition.
i
® 4 Shock contact surface
)
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g ‘ X
o
:'c. Figure 2.10 Modified Entropy Distribution for Shock
W and Contact Surface Traveling Left
g
;;u' D. BOUNDARY CONDITIONS

i 1. Open Boundary

At the open boundary, a reference pressure ratio,

k3 Pref = Pu/Pp is specified, where P, i_s the pressure to be
::n:'E held at the boundary, and Pp is the pressure just inside the
:."" tube. only the case where P, < Pp is considered. This
;’i means that an outflow condition at the boundary will result
; when P_ < Pp, with an expansion wave traveling in from the
e boundary. Thus 1locally at the boundary, conditions are
;:% isentropic.

{:, The computational grid for the 1left boundary is
"

L]
oY

_k shown in Fig. 2.11. A phantom node, L, is used outside the
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Figure 2.11 Left Boundary Computational Grid

computational mesh to enable simple enforcement of constant
pressure and entropy at the mesh boundary node, 1.

The approach is to determine the required variables
at node L, then transfer these values onto node 1, and vary
q at the boundary to meet the required boundary conditions.

First, using Ppef at node L and S at node 2 in equation

{I.3) rewritten in the form

(s ~2p) (v (y-1)) L7y

_ 2.18
pg = ((1/P o) (exp ) (2.18)
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orR» the density ratio at the boundary, is calculated. Using

the perfect gas equation of state in equation (2.18) the

temperature ratio, Tp is given by

T. = (p

(r(1-y) (5 =)
- R ) (exp )

% _ (y-1) (2.19)

B and can be calculated once pR 1is known. With an initial

o velocity at the boundary, qp, assumed the Riemann variables

R and Q are determined for node L using

» R = q, - "Tg S (2.20)

and
Q = qp +YTR S (2.21)

Subtracting equation (2.20) from (2.21), and
dividing by twice S yields A at node. L, where A = /Y RgT.
A The values of R, Q, A, q,, and S are now known at node L.
B These values are assigned to node 1, and the QAZ1D algorithm
) is applied to the boundary node as if it were an interior
i node. The result is an estimate of the new values for R, Q,
X and S at node 1. These are used to obtain a new estimate of
e the pressure ratio at node 1, call it Ppy. Pgry is compared

with Pree, and the new value of S with the old value of S at

b node 1. A new qp is calculated by solving equations (2.20)

N 46
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and (2.21) simultaneously. The process is repeated until
entropy and pressurs remain constant at the boundary. For

the right-hand boundary, Fig. 2.12 shows the computational

t

right grid boundary

Jo

Figure 2.12 Right Boundary Computational Grid

grid with the phantom node, r, to the right of the mesh
boundary node, n. The procedure for the right boundary is
the same as for the left boundary.
When a shock travels across the open boundary, the
boundary is first corrected using the method described in
'# Section II.C.2. Subsequently, the pressure is returned to

:: give the constant value specified for Ppo.f, using the above
N
b)




Tt 8y

. 0
N \".'Q.

procedure. The result will be an expansion wave traveling
inward.

For supersonic flow, all of the variables are deter-
mined from values at the interior nodes [Ref. 1:p. 3].

2. Closed Boundary

The solid boundary 1is imposed by setting the
velocity at the boundary, q, equal to =zero. The same
computational grid is used as that for an open boundary, but
a different technique is used in assigning values to the
phantom node. Referring to Fig. 2.11, the velocity at node

2, 43, is known. By setting

dp = - 43 (2.22)

the wave impacting the boundary will be met by a wave of
equal velocity but opposite in direction and will result in
node 1 appearing as a solid boundary. Further, to

facilitate the QAZ1D method, set

R, = - Q (2.23)
Qr, = [Ry| (2.24)
s; = S, (2.25)
L= 24 (2.26)
48
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! This will enable the computation of the new boundary node 1

& values as an interior point with

a = 0

The right boundary is handled in the same way.
‘ Figure 2.13 illustrates the sequence of events when

: a shock reflects off a solid boundary on the right [Ref. 7:

o

-

-
ot

- —— .

. \V/ \"4
S S
4 T -
' =
2 a, N a q ’ q, =0
apNy b Qa 9 b
3 - § - +— [
l § solid ? solid
L)
A § B [ boundary A 1 H boundary

. n-1 n r n-1 n r
;

¥

X A; Shock Approaches Solid B) Shock Rerlects Off

A Boundary Solid Boundary

)

5

L)

Figure 2.13 Shock Reflecting at Solid Boundary

b pp. 172-195]. Since the velocity behind the reflected
I shock, qp, is zero, and the velocity in front of the shock,
a da, is known, the velocity gradient, Aqg, over the shock is,

: in non-dimensionalized form, given by

"

b
< ' 49

.

¥

3

[}

N Tt AT N AT AR o NS T e AR S

-a - o ‘, . . o \ .é' ‘ . N : \.*.\.
] ) 9 ! Fal * I R X »
‘-‘f .,',, -’ﬂ"‘%‘-’ ‘-,‘-'\!A 5,}“‘:‘ ‘?g ,,g')‘ Py ‘. A L n VIR ATWINYS \ 4 \ , 4yV. ] !‘0 ThEh 'I‘.'I " . “ A



ey A9 = (g - da)/Aa (2.27)

Rearranging equation (IIX.6), and using Y = 1.4 it

$ﬁ can be shown that
)
3
!
w = V1 + 0.36(aq)2 - 0.6Aq (2.28)
3'1'
R
i..
ﬁﬁ This is an exact analytical value for w based on stationary

normal shock relations. The speed of sound ratio, Ag/A,, is

calculated from equation (III.3) and

[}

() .

- Ag = Ax(Ap/Ap) (2.29)

g

:; Entropy behind the shock, Sg, is determined from equation
. (III.7) since Sp 1is known. Then the extended Riemann
’.

'Q variables, R and Q, behind the reflected shock are

pL calculated from equations (I.4) and (I.5) respectively.

L

‘ﬁ | For a shock reflected from the left boundary, the

e

LN .

ﬁ? subscripts A and B are interchanged and using equation

2 , \

ﬁ{ (II.6) the Mach Number is given by

Sy

: w = V1 + 0.36(09)2 + 0.6Aq (2.30)
s

I..

Qk The equations from Table II are used instead of

A those from Table III (used in the case of reflection from
1‘-r \ ,

ﬁi the right boundary), since the shock is now traveling from !
i ‘1

e left to right. ‘
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III.

FORTRAN PROGRAM E1DV2

A. GENERAL DESCRIPTION

Prograr E1DV2 1is a Fortran computer program which
calculates 1l-dimensional unsteady flow based on the QAZ1D
formulation and method of solution of the Euler equations of
motion. The program has provisions for tracking in time the
location of shock waves, contact surfaces and head and tail
of the expansion waves. Its intended application to wave-
rotcr design and analysis explains the present definition of
node points and boundary conditions. In its current form,
the code describes flow in a tube initiated by a diaphragm
bursting. The location of the diaphragm, whether the flow
is to the left or the right, and whether the ends of the
tube are closed or open, can be varied.

The EI1DV2 program is written in FORTRAN 77, and was
developed using the IBM 3033 System 370 computer. The use
of DISSPLA subroutines in plotting results requires
compiling and executing wusing VS FORTRAN procedures.
Appendix B describes the procedures for running the E1DV2
program on the Naval Postgraduate School IBM computer
system. A listing of the code, which contains its own

description in comment statements, is given in Appendix D.
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The code incorporates:
1) first order accuracy

2) double precision numerics, except for single precision
in graphical output

3) 1linear interpolation and extrapolation algorithms
4) quadratic polynomial approximations for curve fitting
5) non-dimensional variable input and output
6) structured subroutine format.
Table IV lists all the subroutines called from the main
program and brief descriptions of their purposes. The
extensive use of subroutines was intended to allow modifica-

tions and extensions of the code without major

restructuring.

B. THE MAIN PROGRAM

The main program flowchart is illustrated in Appendix C,
Fig. C.1. The conventions and a comprehensive list of
variables are listed in the beginning of the program. The
number of grid nodes is set by the user, and must be an odd
number. Arrays are dimensioned to the number of nodes in
the main program prior to compiling and executing.

Initial values for temperature, pressure, and density
ratios at the diaphragm and boundaries are entered by
editing. Also, the initial velocity distribution on each
side of the diaphragm is set, and as well as the ratio of
specific heats. The side with the high pressure is identi-

fied. Boundaries are set elther <closed or open. In the
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N TABLE IV

¥y

R SUBROUTINES

"Pv
- TIME Calculates minimum time step
d .
%}, TRAK Tracks discontinuities, calculates shock mach
N number, w

et

SWEEP Advances node values to next time step

‘;|3' :
hﬂ COND1 Calculates interpolated values of Riemann
ey variables, 3q/3s, and 5A/3s when no shock
Iku or contact surface within an interval

AL

COND2 Calculates interpolated values of Riemann
i variable, x/3s, and 3A/3s when discontinuity
oﬁ¢ within interval to right of node or flow is
’Q“‘ su . '
i personic to the right
[ »
1)
R COND3 Calcuiates interpolated values of Riemann
. variable, x/5s, and 5A/3s when discontinuity
W within interval to left of node or flow is
o supersonic to the left
Y
)
3¢* COND4 Called when node is jumped by discontinuity
0 to load node information into array for use
in subroutine CORRCT

Ady
) _ CONDS5 Calculates interpolated values of Riemann
K variable, 3q/53s, and 3A/5s when discontinuity
ﬁa on either side of node and flow is

e supersonic

J

dnd COND6 Would contain subroutine to advance node
;" when contact surface is in front of shock
ga. after intersecting and traveling in same
s direction. Not currently in use
— COND7 Would contain subroutine to solve precisely
g@ when and where shock and contact surface
hel would intersect within an interval. Not

t it ;
¥y currently in use
J::..‘
B } . .

G2l COND7N Would contain subroutine to solve precisely
-_— when and where shock and contact surface would
'& ?! ] ] ) . [} .
R intersect if either were jumping a node simul-
% taneously. Not currently in use

V"‘i
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' TABLE IV (CONTINUED)

t COND7S Would contain the subroutine to solve the
Riemann problem of shock and contact surface
intersecting. Not currently in use

CONDS8 Would contain subroutine to advance node after
shock and contact surface have crossed and are
moving apart. Not currently in use

g CORRCT Advances nodes jumped by discontinuity to next
¥ : time step

K DELTAX Determines relative location of discontinuity
K within an interval

o SKJUMP Calculates variable change across a normal

? stationary shock

¢

ﬁ CSJUMP Calculates variable change across a contact

A surface

? EXTRAP Extrapolates entered values

‘]

B! INTERP Interpolates entered values

" DBURST Calculates initial Riemann values at node

where diaphragm is located

-

BONDRY Calculates values to update left and right

&
b
1- boundary
s
¢ SPFLCT Calculates new shock parameters when shock
s reflects off solid boundary
)
1
$ BBDRY Alternate interpolating scheme near boundary
[}
: BORDER Sets graphical borders
PLOT Plots q, S, P, and o
1,
o EXACT Plots exact o versus calculated 2
Lo
: LIST Lists calculated values in files 8, 9, 10
.
W)
N
3
N
o
» )
-
R 54
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open case, either constant pressure, or an adjustable
pressure is specified. The latter case in effect extends
the tube, and allows discontinuities to disappear out of the
tube without creating expansion of compression waves. Exact
values for velocities of expansion wave, shock, and contact
surface, and density ratio are specified by the user in the
input section.

Output is controlled by setting the variable GRAPHS to
either 0, 1, or 2. A zero creates three files which contain
data calculated at the time the call to subroutine LIST is
made. A value of 1 causes plots of pressure, density,
velocity, and entropy distributions to be created. When
GRAPHS equals 2 a plot of the exact density distribution
along with the calculated density distribution is made.
Calls to output routines are determined by the parameter,
SKIP, the number of time steps between calls, which is
specified by the user.

Program termination can occur for several reasons.
First, the program terminates when a maximum number of time
steps, JSTOP, is reached. JSTOP is specified by the user.
Second, the program terminates if, during execution, any of
the following conditions are met:

1) The shock intersects with the contact surface

2) The pressure at any open boundary is higher than the
pressure at the first node inside the boundary

2) The shock exits an open boundary.
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In these cases a message is displayed on the terminal

describing the reason for termination.

C. THE SUBROUTINE PROGRAMS
1. The "DBURST" Routine

Figure C.2 1in Appendix C shows the flowchart for
"DBURST". The assumption that a shock and contact surface
are formed immediately causes oscillating numerical solu-
tions that dampen within five to ten time steps. By
mathematically "bursting" the diaphragm prior to time zero,
a solution at the node where the diaphragm is located can be
determined at time zero. The result is a more accurate
representation of the wave structure and a dampening of a
reduced transient solution within three time steps.
"DBURST" calculates the Riemann variables that would exist
behind a shock and contact surface that have moved an
infinitesimal amount after the diaphragm burst, and assigns
them to the node where the diaphragm was situated.

2. The "TIME" Routine

The "TIME" subroutine was not changed from <that
developed by Salacka [(Ref. 2:p. 35]. The purpose is to
compute the maximum allowable time step but ensuring that
all characteristic trajectories over the time step are

within one interval between nodes. The time step is

determined from




‘s

.

o e -~

R i o

DELT = H/ABS[QH ] (3.1)

at every node, and the minimum time step is used.
3. " " utine

This routine computes the new 1locations of the
shock, contact surface, and head and tail of the expansion
wave after the time step, DELT, calculated in "TIME." 1In
Appendix C, Fig. C.3 shows the flowchart for the "TRAK"
subroutine. The shock velocity, Vg, incoming Mach Number,
w, and pressure, density, and sonic velocity ratios PR, DR,
and AR respectively are determined. The equations for flow
left and right are the same, except for DQ, the velocity
gradient, which is different only by sign. Thus by proper
bookkeeping the same equations are coded once and used in
either direction. The initial direction of the shock and
contact surface are set from code that interprets which side
has the high pressure at time =zero. The contact surface
speed is determined after the shock speed is established.
The situation at time zero is handled as in "DBURST" to
ensure that the shock/contact surface interaction is
properly modeled. Since there 1is a certain transient
solution that decays after three time steps, tracking of the
expansion wave is not initiated until then.

The head of the expansion wave travels at a velocity
corresponding to g+A, and the tail with speed g-A. 1In the

case of flow traveling to the left, this is reversed.
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4. The "SWEEP" Routine

:ﬁ The "SWEEP" subroutine solves equation (2.5) and
fﬁ updates the values of variables at the nodes, including the
;; boundary nodes. Appendix C, Fig. C.4 shows the "SWEEP"

flowchart. Only those nodes which have been crossed by a
ﬂﬁ discontinuity during the time step are updated by the
1%; "CORRCT" subroutine. Section II.B describes the theory
:" coded into "SWEEP". The routine begins at the left boundary
ﬁﬁ node and progresses to the right boundary node, one node at
g: a time. Figure 3.1 illustrates the overall algorithm
-%S applying the QAZ1D method. At the boundary nodes, the
oy

' > / node
s !

o q+A q-A

&\ dt

Figure 3.1 Overall Algorithm for QAZ1D Method
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"BONDRY" subroutine is called and returns the updated values
at those nodes. In between, the correct and most effective

algorithm to update the node is determined. These

'algorithms are coded into eight different condition

subroutines. These routines calculate the interpolated
Riemann variables associated with the three characteristics
(g+A, q, and g+ ), plus the spatial derivatives at 3g/5s and
3A/3Ss. This allows "SWEEP" to calculate Aw and z. The
integral of 2z is then determined, and the update for the
variables of that node in 3w are computed. W is stored
until the entire mesh has been swept. Then the variable
arrays (w) are updated to the next time interval.

To choose the proper condition routine, the
following information about conditions in the interval on
either side of the node are expressed in two 3 digit integer
variables, SHOCK and CNTACT. The value of these variables
provide a code for the following information:

SHOCK--The existence c¢f a shock within an interval, and,
if so, the direction of travel, and if the shock
will cross the node in front of it within the
current time step.

CNTACT-The existence of a contact surface within an
interval, and, if so, the direction of travel, and
if the contact surface will cross the node in front
of it within the current time step.

Figure 3.2 illustrates the regions around a node. Table V
lists the values that SHOCK and CNTACT may have, and their

meaning. Figures 3.3, 3.4, and 3.5 illustrate examples of

what different SHOCKX and CNTACT values mean. At each node
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Figure 3.2 1Interval and Node Description used in "SWEEP"
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TABLE V

0y VALUES OF PARAMETERS SHOCK AND CNTACT

"

k)

b SHOCK

K Located Direction Crosses node in

n Value in interval on of travel path within time step

)

ot \

" 100 No Shock N/A N/A

o 321 Left Right Yes
322 Left Right No
331 Left Left Yes
332 Left Left No
221 Right Right Yes

. 222 Right Right No

. 231 Right Left Yes

o 232 Right Left No

W

$  CNTACT

g: 100 No contact surface N/A N/A

& 321 Left Right Yes

- 322 Left Right No

gh 331 Left Left Yes

R 332 Left Left No

3 221 Right Right Yes

‘N 222 Right Right No

A 231 Right Left Yes

- 232 Right Left No

=
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Figure 3.4 Schematic of SHOCK = 100 and CONTACT = 321
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the code examines the shock and contact surface condition,
along with relative 1location of the shock to a contact
surface if both exist near the node, if the flow is super-
sonic or subsonic at the node, and the direction the flow is
traveling. The appropriate algorithm is determined and
called in the form of a condition subroutine.

The "SWEEP" routine 1is designed to handle all
possible shock and contact surface combinations. Because
the code does not solve the situation where the shock and
contact surface intersect, as illustrated in Fig. 3.6, then
any combinations after the shock and contact surface have
crossed call condition routines that currently contain only
messages. The code was intentionally prepared to be easily
extended to treat the intersection of the shock and the

contact surface, and beyond.

shock and

contact surface contact surface shock
at t — Intersect at t+dt g—— att

/ 3

%

%

%

2

Z

%

%

%

7
< 7 ~ s . =~ ’
i-1 i 1+ ]

Figure 3.6 Schematic of SHOCK = 231 and CNTACT = 322
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5. The "Condition" Subroutines

The ten subroutines that are called by "SWEEP" to
calculate the interpolated values of the extended Riemann
variables, R and Q, plus S, 3q/3s, and QdA/9s are COND1,
COND2, COND3, COND4, COND5, COND6, COND7, COND7S, COND7N,
and CONDS. The procedure used in COND1l, COND2, COND3, and
COND5 1is that of Salacka ([Ref. 2:pp. 36-37] modified to
account for contact surfaces. Appendix C, Fig. C.5 is a
general flowchart for these four routines. Essentially, an
initial estimate is made of the characteristic slopes, ‘, by
enforcing the princivle of domain of dependence. The
assumption is made that the slopes are linear, and that the
characteristics pass through point B, as defined in Fig.
3.7. Then g and 4 are computed at point A, which in turn
yields a second estimate of the characteristic slope, .

The two slopes for each characteristic are compared.
If they are not equal to within an acceptable error, the new
estimate of | is used to repeat the ©process until
convergence is achieved. All three characteristics are

handled simultaneously. The value of

L>
[0}
]
12
t
-~
)
*
N

is then determined for each characteristic g+4, gq, and g-Ai.
This allows linear interpolation of Q, R, and S at point A.

The spatial derivatives, 3Q/3s and 34/ s are computed from
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) Figure 3.7 Computational Method for COND1 Routine
o
T
,&: the values of g and A used in the estimate of the initial
64»_‘
characteristic slopes.
!'.
§ .
“? The "COND1" subroutine is used when there are no
)
25 contact surfaces or shocks within the interval on either
AN .
é side of the node, and flow is subsonic. The g+A character-
* 5
?5: istic uses forward differencing, while the g-A characteristic
33? uses a backward differencing scheme to keep the initial
e domain of dependence of the numerical scheme outside the
o
5:? physical domain of dependence.
AN
§:¢ The "COND2" subroutine is a backward differencing
o algorithm used in situations when one or more discontinui-
H . .
A ties are in the right interval, or if flow is supersonic to
b
Q& the right. Fig. 3.8 illustrates the computational method
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B Figure 3.8 Computational Method for COND2 Routine
L
;. for "COND2". The characteristic slopes of g+A and g are
x.‘

handled as in “COND1l", but the g-A characteristic slope is
f. determined by a backward rather than a forward scheme. To
1.
7,’-; interpolate between node i and i+l would be incorrect
- because of the discontinuity in the values between them.
.
N The value of parameters in the right interval are interpo-
\

lated from values in the 1left interval by assuming the
" derivatives do not change between the intervals up to the
)
; discontinuities (i.e., a shock and/or a contact surface).
l'.
)
'., The "COND3" subroutine is a forward differencing
- algorithm used in situations when one or more discontinui-
7
. ties are in the 1left interval, or if flow is supersonic
N
traveling to the left. Figure 3.9 shows the computational
X
L) . .
o . 66
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;4 Figure 3.9 Computational Method for COND3 Routine
.4.*’
,: method for "COND3". The method is similar to that in COND2
.” | but the g+ characteristic slope has to be interpolated from
;:;s values of node 1 instead of node i-1 using a forward
J‘,_ difference scheme. The characteristic slope for g-A and g
’,'-'i:; are estimated by forward difference schemes using values of
::: node i+1 and i respectively.
f.;v‘._» For conditions, such as that illustrated in Figqg.
R 3.10, where a discontinuity 1s in the interval opposite the
z?. direction of supersonic flow then CONDS subroutine |is
0 called. A mix of COND2 and COND3 is used. For flow to the
:;i" right the method of COND2 is implemented, while flow to the
"g left is the same as for COND3.
‘.’Afo.
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o Figure 3.10 Example Condition for "CONDS" Routine

o
?ﬁ Subroutine "COND4" is called whenever a node is to
i: be crossed by a discontinuity from either direction. The
i. flowchart for "COND4" is shown in Appendix C, Fig. C.6. Two
:é integer vector arrays, LNODE and RNODE, are used to store
g; the following information on the node being crossed.

i A) the node number, I
eZE'E B) the value of SHOCK
%E C) the value of CNTACT
i: D) the current value of the integer time step, J
Eg The information is used in "CORRCT" to update the node to
gé the next time level. In the current code the maximum number
;; of nodes that can be crossed during any time step is two.
;: Figure 3.11 shows an example of this situation, and defines
gﬁ the assignment of values. Because the nodes are swept from
r left to right, the left-most node 1is assigned to LNODE,
gf' while RNODE applies to any node crossed to the right cof *%he
:ﬁt LNODE node. The values of W are set to zero, so

158
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\ contact surface shock

tr-’ q teat t g tedt
2
i

| | |
s LNODE RNODE
¥
R
fﬁ Figure 3.11 Example of "COND4" Routine Situation
Eﬁ that these nodes are skipped when updating occurs in
. "SWEEP". The main program interprets the value of J in
; ) LNODE and RNODE to determine if zero, one, or two nodes need
:t? to be corrected in "CORRCT". If zero nodes are crossed
J: ‘ during a time step then "CORRCT" is not called.
Ev, The "COND6" and "COND8" subroutines are designed for
i future extensions of the entire code. Until the Rieman~
" problem illustfated in Fig. 3.6 is coded, then any situation
ﬁﬁ after the shock and contact surface intersect cannot be
ia‘ computed. However, "SWEEP" is already coded to call "CONDé&"
R for the situation illustrated in Fig. 3.12, or its mirror
’Eé image. "COND8" would be called for all the other situations
Lgﬁ after the shock and contact surface interaction has taken
7; place. Currently, both subroutines output messages on the
:2 screen describing the situation, and set HALT equal to 1 to
- terminate the program.
:f‘, : 69
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Figure 3.12 Example of "COND6" Situation

The "COND7", "“COND7N", and "COND7S" subroutines are
all related to each other. They are intended to contain
code that would facilitate the shock and contact surface
intersection and solve the resulting Riemann problem. The
"COND7" routine is called when the contact surface and shock
moving in opposite directions would cross in a time step
within an interval. The routine would calculate when and
where within the time and space domain the intersection
would occur based on the known velocity of each discontinu-
ity and their current locations. This new time could then
be used to rerun "SWEEP" with the shcck and contact surface
exactly on top of each other at the end of the new time
step. The "COND7N" routine is for the ‘same situation, but
when a node is crossed by either discontinuity during the
same time step. The same procedure 1is done, with the

requirement to ensure the node crossed is properly updated




A by "CORRCT" during the new time step. The "COND7S" routine

gl

3% is called when a shock and contact surface are located at
) the same point at a time other than zero. The subroutine
féi would contain the code to solve the Riemann problem set up
5@ by "COND7N" or "COND7" routines.

;w 6. The "CORRCT" Routine

;%? Appendix €, Fig. C.7 shows the flowchart for
gm "CORRCT". The "CORRCT" routine corrects nodes that have
‘l. been crossed by a discontinuity (i.e., a shock or a contact
g% surface) or are straddled by both. The routine takes the
-&% information from LNODE and RNODE arrays to determine which
e

;, node or nodes are to be updated, and if there is any shock
‘fﬁ and contact surface interaction at the nodes. Then, using
S :'. subroutines "DELTAX", "SKJUMP", "CSJUMP", "EXTRAP",

"INTERP", and "BBDRY" the concepts from Section II are

imposed to calculate the jump in the parameters R, Q, S, A

n

i

wﬁ and g at the node in question to the new time level.

- 7. The "BONDRY" Routine

N

SM The "BONDRY" routine computes the new values of the
o

mg parameters Q, R, and S at the boundary nodes for time step
Y t. The concepts of Section II for an open or closed
k)

g; boundary are coded as shown in the flowchart of "BONDRY"
e

ol given in Appendix ¢, Fig. C.8. The routine uses the
o "COND1", "COND2", or "COND3" routines to calculate the
v

:ﬁ; correct w, and then solves for w the same as in "SWEEP".
”@; If a shock crosses an open boundary node during a time step,
o
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then "SKJUMP" routine is used to calculate the values behind
the shock at the node.
8. The "SRFLCT" Routine

The "SRFLCT" subroutine is called to calculate the
values of Q, R, S, g and A at the boundary node when a shock
reflects from a solid boundary. Appendix C, Fig. C.9 shows
the flowchart of "SRFLCT" which codes the analysis in
Section II.D.2 for closed boundary shock reflection. The
time for the shock to reach the solid boundary, oty, 1is
computed. Then the excess time in the time step, 3t, is

given by

After the new shock velocity, Vg, is calculated, then the new
location of the reflected shock is known from multiplying Vg
by 5tgy and adding or subtracting from the boundary
location.
9. The "DELTAX" Routine
The "DELTAX" subroutine 1is used in "CORRCT" and
"BONDRY" to calculate the location within an interval of a
discontinuity in terms of x. Figure 3.13 defines the
various displacements which are calculated.
10. The "SKJUMP" Routine
The "SKJUMP" subroutine computes the conditions

downstream of a staticnary normal shock as described in
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Figure 3.13 Discontinuity Location within an Interval

Section II.D.2. The "CORRCT", "TRAK", and "BONDRY"
W subroutines call "SKJUMP" when required, to obtain the speed
EaR of sound (A), entropy (S), and velocity (g) behind the
te shock.

X 11. " " Ro

W The "CSJUMP" subroutine computes the velocity and
- speed of sound change across a contract surface as described
‘Q in Section II.D.3. . The "CORRCT" and "TRAK" routines call
Y "CSJUMP".

Vgt 12. ical Su ti

o The "EXTRAP", "INTERP", and "BBDRY" routines are
W'y used by "CORRCT", "BONDRY", "TRAK", and "DBURST" to extrapo-
o late or interpolate data to the face of a discontinuity or
508 point. In particular, "BBDRY" is an interpolation routine

used within an interval near a boundary.
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13. The output Routines

The four output subroutines used are those developed
by Salacka [Ref. 2:pp. 39-40]. The "BORDER" and "PLOT"
routines output plots of pressure, velocity, density, and
modified entropy distributions versus a non-dimension-
alized tube 1length at preset time intervals. "EXACT"
creates a plot of the exact density distribution at selected
points and compares it with the computed density
distribution for a selected time step. The "LIST" routine
outputs to files 8, 9, and 10 tabular listing of computed
data. The files are sent to the user's permanent storage
disk.

A value of GRAPHS equal to one causes "BORDER" to
be called in the main program. This defines plot axis,
labels, and headings. "PLOT" is then called once at time
zero, and at every time step set by SKIP.

If GRAPHS is set equal to two, then "EXACT" is
called every SKIP time steps to plot six exact density
values and the computed density distribution. The six exact
points are:

A) The two boundary points
B) The head and tail of the rarefaction wave
C) . A point just behind the contact surface

D) A point just behind the shock.
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i The location of the exact values is based on elapsed time

Ty and known exact values for wave velocities entered with the

initial conditions for the problen.

?}Q "LIST" routine is called every SKIP time steps when
gf GRAPHS is equal to zero. File 9 contains a tabular listing
\ of the Riemann variables, modified entropy, pressure,
o
?3. density and velocity distributions, elapsed time, discon-
o tinuity velocity and location. File 10 is a tabular listing
A (32
of the location of the shock, contact surface, and the head
o
:{& and tail of the expansion wave computed at every SKIP time
B ‘
,a; steps. File 8 contains the exact values of the location of
Q.'.
[ S )
. the shock, contact surface, and the head and tail of the
< .
‘o expansion wave.
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IV. RESULTS

Four test cases were run using.the E1DV2 code. The
purpose was to verify the ability of the code to determine
the unsteady flow process and correctly simulate varying
boundary conditions and flow directions in the Riemann shock
tube problem. The shock tube is illustrated in Fig. 4.1
with the high pressure on the left. The tube is divided
into two sections by a diaphragm. When the diaphragm is
burst, the pressure equalizes through a shock wave traveling

into the expansion chamber, and an expansion or rarefaction

diaphragm
;:1 P expanston champer
high
P
X low
compression chambpers
time = 0
;:1 P expansion wave contact
nigh } shock
X I
[
lag
time =t

Figure 4.1 Shock Tube at t = 0 and t = ¢t
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PP

wave traveling into the compression chamber. A contact
discontinuity is behind the shock wave, traveling at the

particle velocity [Ref. 6:p. 30].

A. TEST CASE 1

Test Case 1 was designed to demonstrate shock reflection
and expansion wave reflection at solid boundaries. Test
Case 1 had the following initial and boundary conditions:

1) Pressure and density ratios equal to five, with high
pressure on the left

2) Temperature ratio equal to unity

3) Both boundaries were closed

4) Diaphragm was located at x = 0.5

5) Computational mesh had 101 nodes

6) Maximum time step, JSTOP, = 109, with SKIP = 18.
Plots of the results obtained for the pressuré, density,
velocity, and modified entropy distributions are shown in
Fig. 4.2 and Fig. 4.3. Fig. 4.2 shows the computation up to
time step 55, while Fig. 4.3 takes the computation from time
step 56 to termination. The output of "EXACT", a plot of
the exact density compared with the computed density
distribution is shown in Fig. 4.4. Fig. 4.5 illustrates the
spatial location versus time for exact and computed shock,
contact surface, and head and tail of the expansion wave.
Data for Fig. 4.5 were taken from file 10 and file 8. Fig.
4.6 shows plots of pressure, density, modified entropy, and

velocity distributions for the same initial and boundary
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SHOCK TUBE RESULTS

FIRST ORDER N =101
DENSITY RATIO - 5.0 TEMP RATIO = 1
PRESSURE RATIO = 5.0
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Figure 4.2 Test Case l (J =1 to J = 55)
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R - SHOCK TUBE RESULTS
FIRST ORDER N =101
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Fiqure 4.3 Test Case 1 (J = 56 to J = 109)
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x SHOCK TUBE RESULTS

FIRST ORDER N =101
p DENSITY RATIO - 5.0 TEMP RATIO - 1
g PRESSURE RATIO = 5.0

"

1
3 Q wn
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Figure 4.6 Test Case 1, High Pressure on Right
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conditions but with high pressure on the right. Figure 4.6
includes data corresponding to those in both Fig. 4.2 and

Fig. 4.3 for the high pressure initially on the left.

B. TEST CASE 2

Test Case . was %o demonstrate an open boundary,
lonstant pressure, expansion wave interaction. The test
case was run with the following 1initial and boundary
conditions:

L. Pressure and density ratios equa. to 3.), Wwith aigh
pressure on the left

2) Temperature ratio equal <o unity

T The .er” bpoundary was open, Wwith 1 constant pressure
rati:o2 i1cross =-he bcundary of 4,5

‘ The r.7ht boundary was open, with an ad-ustabie nres-
sure r£1<.0 <That .n elfect extended the .ength >r =he
tube

z The iiaphragm wvas located at x = J).74

“ Tomputationa. Tnesh had 31 nodes

Max.:num ~.me 3"en. J3TTP. = T, KIP = 2,
P.0”s 0of <the resu.ts for the pressure, density, veiocity,
il "ealr el enTrley 1lsTrlifuTotns aire snown Lo TLa.o LT

The test Tase was rerun with high pressure on the right.

F.yure 4.3 3nows “he resu.ts for oressure, ilensity, and
Tamreritire -Y% I3 “he 3ame. The iiaiphragm vas <hen 1% x =
N.2F. Boundary condi%inons wera2 reversed. The same ccmpu<a-

t.ona. mesh, and output contro. were used.
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SHOCK TUBE RESULTS

FIRST ORDER N = 51
DENSITY RATIO - 5.0 TEMP RATIO - 1
PRESSURE RATIC = 5.0
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Figure 4.7 Test Case 2, High Pressure on Left
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SHOCK TUBE RESULTS

FIRST ORDER N - 51
DENSITY RATIO - 5.0 TEMP RATIC = 1
PRESSURE RATIO = 5.0
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Figure 4.8 Test Case 2, High Pressure on Right
) 85




C. TEST CASE 3

e Test Case 3 was designed to demonstrate a shock exiting

an open boundary with constant pressure maintained at the L
ié’ . poundary itself. The following initial and boundary
zﬁ conditions were set:

N 1) Pressure and density ratios ecual to 5.5, with high
0 pressure on the left

gr 2) Temperature ratio equal to unity

§ﬁ 3) Left boundary was closed

s 4) Right boundary was open with a constant pressure ratio
Sﬁ across the boundary of unity

;ﬁ 5) Diaphragm was located at x = 0.5

) 5) Computational mesh had 101 nodes
% 7) Maximum time step, JSTOP, = 73, with SKIP = 18.
é? Figure 4.9 shows plots of the results obtained for pressure,
': density, modified entropy, and velocity distributions.
é& Similarly, Fig. 4.10 shows results obtained by putting the
fé high pressure on the right, reversing the boundary condi-

tions, and holding everything else the same.

QS D. TEST CASE 4

:f Test Case 4 was designed to demonstrate a lower pressure
é: ratio, with shock wave reflection. The initial and boundary

conditions were set as follows:

1) Pressure and density ratios equal to 3.2, with hiqgh
pressure o2n the left

2) Temperature ratio equal to unity

3) Both boundaries were closed
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SHOCK TUBE RESULTS
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SHOCK TUBE RESULTS
FIRST ORDER N =101
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. 4) Diaphragm was located at x = 0.5
5) Computational mesh had 901 nodes

6) Maximum time step, JSTOP, = 601, with SKIP = 150.

jZ Plots of the results obtained for the pressure, density,

h

W modified entropy, and velocity distributions are given in

Fig. 4.11. Figure 4.12 shows the results obtained with the

) high pressure to the right, SKIP = 200, and holding all

N other parameters constant.
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SHOCK TUBE RESULTS

o FIRST ORDER N =301
e DENSITY RATIO - 3.2 TEMP RATIO - 1
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V. DISCUSSION

A. RESULTS OF TEST CASES

Overall, in the four specific test cases which were run,
the expected qualitative flow behavior was produced by the
code. Quantitatively, either experimental data or further
exact solutions are needed to fully validate the computa-
tions. The results of each test case will be discussed
separately.

Test Case 1 results in Fig. 4.2 show the formation of a
well-defined shock wave traveling to the right, with the
contact surface crisply defined following along behind. The
entropy drops sharply across the shock and remains constant

to the contact surface and then jumps to a steady, constant

value to the left boundary as expected. Pressure and
velocit: remain constant through the contact surface.
Velocity 1s positive since flow 1is to the right. The

expansion wave is smeared from head to tail over the correct
range. Figure 4.3 1is a continuation of the flow probliem
with a sequential display of the results. The entropy
continues to drop as the reflected shock travels back toward
the contact surface. Notice that the velocity behind the
shock is zero. At the 1left boundary as the head of the
expansion wave reflects, pressure and density continues to

drop while velocity 1s zero at the boundary. The density
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distribution shows that the contact surface and shock are
about to cross. The program terminated and :issued a message
before the next output call was made, when the code
determined that the contact surface and shock would cross.
The exact density distribution compared with the cor: . .~e!
density distribution 1n Fig. +.4 clear.y shows “he shc:>x an:
contact surface are modeled very accurately w.th a med.um
mesh. The expansi:on process, consisting of :nfinites:ral
changes propagating along the characteristics :s fairl- well
modeled. Figure 4.5 shows that tracking of the ccntact
surface and shock wave, in comparison with exact locations at
set Times, .s excel.ent. Us:ng 3+~ and g-- kased <n :zcnd:i-
tions beh:nd the burst diaphragm 2is est:mates 27 <he
ve_ ocities >f the ~nead and <ail 2f the =2xpansion wave
respectively results in positions of the nead and tail
slightly different from those of an exact Riemann 3solver
code 'Ref. 3°. The exact ccde . s based on a method given .n
‘Ref. 9:pp. 181-191 . However, an examination of <the
tabulated output showed that the sclution method predicted
changes 1n <the gradients tc occur at similar locaticns to
those computed using the g+{ and g-4 estimates. Consegquent-
ly, while there may be some 1inaccuracy in *he numerical
solution, the method of tracking the head and tail of the
expansion wave is acceptable.

The ability to reproduce the same conditions but with

fiow to the left 1i1s demonstrated clearly 1n Fl1g. 4.6. The
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entropy, density, velocity, and pressure distributions are
mirror-images of those for the case of high pressure on the
left.

Test Case 2 results in Fig. 4.7 show that at time zero
with a pressure ratio at the boundary of 4, which is lower
than the preset value inside the tube of 5, an expansion
wave traveling inwards is generated. Outflow is seen in the
negative velocity distribution developing near the left
bcundary, where negative velocity implies flow traveling to
the left. The contact surface and shock are clearly formed
to the right of the off-center diaphragm, and travel to the
right. The expansion wave generated at the diaphragm
travels to the left and intersects with the expansicn wave
generated at the left boundary. The pressure distribut.on
shows the propagation of these waves as the pressure drops
behind the head of each wave. With conditions reversed, so

that the high pressure is to the right of the diaphragm. <ne

[2V]

results in ig. 4.3 are a mirror-image with veloc.<w
negative for flow to the left, and positive for the outflow
to %he right.

Test Case 3 results in Fig. 4.9 demonstrate tha* =«
shock wave meeting an open boundary where the press.--
held constant, is correctly computed to exit the tu:e

density distributicn shows the jump i1ncrease 1 -

shock, then another Jjump increase across 5

. surface. Then density piurges Jown as i« o o«
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. travels back into the tube when the shock exits. The
pressure ratio at the open right boundary was held at unity,
as seen in the pressure distribution which, at the boundary

behaves similarly to the density distribution. The pressure

o

gL at the boundary would be required to increase as the shock
N passed by, however the enforcement of the constant pressure
é; locally causes an expansion wave to form traveling to the
?ﬁ left. The entropy remains constant, at the value behind the
; shock, from the boundary back to the contact surface. There
ig is a Jjump in entropy across the contact surface. The
é% velocity distribution shows that as the shock travels to the
i~ right, the velocity jumps up. When the expansion wave
?_ generated at the right boundary travels inward the velocity
sﬁ continues to 1increase in magnitude while flowing to the
L, right. The expansion wave generated at the diaphragm can be
.ﬁE seen traveling to the 1left in the plots of pressure,
é:i density, and velocity. Reversing the situation and
“: computing conditions for flow to the left, in Fig. 4.10,
% results in a mirror-image in the pressure, density, and
:3 entropy distributions. The velocity becomes negative since
- flow is to the left.

*3 _ Test Case 4 is a repeat of the first test case but with
g{ a pressure ratio of 3.2 and a fine computational mesh. 1In
i Fig. 4.11 the density steps up across the shock and contact
E; surface as they travel to the right. When the shock
:% reflects the density jumps again. The velocity distribution
i
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R shows that the velocity drops to zero behind the reflected

W
;; shock, after it had jumped up across the shock when it was
‘ traveling to the right. The instability seen in the
5% velocity and pressure distributions near the midpoint
%ﬁ occurred during the first 100 time steps. A numerical
!; instability appears to generate at the diaphragm at time
%% zero for pressure ratios less than about 3.0 which can be
ég severe. For the conditions in this test case the transient
,‘ instability damped out after the first 100 time steps. The
i; shock, contact surface, and expansion wave are nevertheless
Ebﬁ seen to be accurately modeled. Figure 4.12 demonstrates
;' that reversed conditions result in mirror-images of the
i?g computed conditions.

, B. CURRENT LIMITATIONS OF THE CODE E1DV2

;ﬁf The current limitations of the E1DV2 code for modeling
;%ﬁ quasi-one-dimensional inviscid flow are in two categories.
fj 4 First, there are numerical limitations in obtaining
ﬁ: solutions with the present code for different initial and
ﬁ# boundary conditions. Second, the present coding limits what

flow situations can be treated.

; The numerical instability which occurs at low pressure
N

o ratios during the first few time steps can be severe. The
)

assumption in the current code 1is that the shock forms

‘i immediately, which at high pressure ratios does not pose any
ey
;i problens. The mathematical modeling of the bursting

diaphragm in subroutine "DBURST" adequately reduces the
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p% transient instability for high pressure ratios, but not for
it low pressure ratios.

| A second rather different numerical 1limitation was
Lo . identified in numerically detecting the location of the head
N and tail of the expansion process. Because the expansion

process is not a sharply defined front, fixing the precise

ﬁ% locations of the head and tail waves numerically at a given
$§ time is difficult. However, the method currently used does
o accurately track the computed propagation of the wave along
vﬁ% the characteristics. The characteristics are modeled
lﬁg currently as straight 1lines. A higher order curve would
ék; describe them more accurately.

fﬁh The current code is limited to tracking two discontinui-

ties and the expansion wave (i.e., a shock and a contact

i surface). Thus any situation which wculd generate another
f&% . discontinuity can not be computed. The code can determine
%ﬁ% when this will occur, and will issue a message explaining
;ii the situation before terminating. Thus the shock colliding
Q;% with a contact surface will currently terminate the program.
jﬁf A boundary pressure that is higher than the pressure inside
.:3_ the tube would also create a compression wave or possibly a
iﬁé shock wave. This condition will also terminate the program.
E%%? Simulation of the process of a shock forming over .an
jn' - extended distance and time as compression waves pile on top
ygi of each other and strengthen, would also require additional
qﬁﬂf code.
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Finally, the variation of gamma that occurs across the
contact surface in a wave rotor cannot be handled currently

since E1DV2 assumes a single constant gamma throughout.
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VI. CONCLUSIONS

£§$ Towards the development of a one-dimensional code for
'%% ' wave rotor applications, methods for tracking and correcting
!? conditions across a contact discontinuity, applying open and
g' closed-end boundary conditions, accounting for shock wave
Eﬁ: and contact surface interaction were devised and were
" presented here in detail. The EULER1 Fortran Code [Ref. 2]
i?“ was revised to become the E1DV2 code with the following
gﬁ additional capabilities:

%@. 1) tracking of the contact surface and expansion wave

ﬁﬁ: 2) imposing high pressure initially on the right side of
g&; the diaphragm

a 3) correct jump conditions across the contact surface

gg_ 4) allow open boundary conditions with constant pressure

el specified and allow exiting of shock and expansion
cale waves

)' 5) allow closed boundary conditions and model shock and
o expansion wave reflections

Sy

ﬁ . 6) improved numerical accuracy from time zero to the

maximum time step.

The code was tested on the shock tube problem under four

;Q ‘ different initial and boundary conditions with excellent
‘l L]

sy results.

The following extensions are recommended to make the

T, v » : .
?t. code suitable for wave rotor applications:
't -: : y I
KEa: 1) Solve the Riemann problem at the momert when the shock
"y and contact surface intersect
R
e
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. 2) Add additional code to trazk more than two discontinu-
i ities and one expansion wave

' 3) Incorporate a variable value of gamma into the code

4) Update the characteristic curve approximation from
linear to a higher order polynomial

P
P SN

5) Add code necessary to handle open boundary conditions
with inflow

o
»

6) Improve on the numerical computation at time zero for
low pressure ratios across the diaphragm

..f‘
.

v -
-
-

iy 7) Enable boundary conditions to be variable during
A program execution to allow wave rotor cycle design
. 8) Compare computations using the code with experimental
. data where available
)
? . .
.g 9) Extend the code to two dimensions.
]
)’u
i These extensions may require various degrees of erfort.
5- However, the ability of the QAZ1D solution method to be
‘ .
LM
t; extended rather simply to describe viscous multi-dimensional
;i
flow suggests that such efforts would be justified.
N
b
.
S
N
i
")
e
o
2
>,
&
:“ :
5
“\i
)
)
N |
4 - 1 0 0 1
N |
< |
lf '
A

|
RO O AN P e b o o 3 T o T P e T e N g '-J'~"'-L":1
O R A M DA A A O L) AN IKMLL_&EJQALSM‘JIK.L:JL{ LA RPN AP ST P A



APPENDIX A

o DERIVATIONS OF EQUATIONS
)
'::E A. LIST OF VARIABLES
A Speed of sound
Eég- Cp Specific heat at constant pressure
gﬁ Cy Specific heat at constant volume
': e specific internal energy
é§ h Specific enthalpy
$€: P Static pressure
- Q Modified Riemann variable
{; dr Reversible heat transferred
%:7 q Velccity magnitude
Py R Modified Riemann variable
5% Rg Gas constant
é$ S Modified entropy (non-dimensional where S = S*Rg)
- T Static temperature
ég t Time
ﬁ% u Velocity relative to a standing shock wave
T v Specific volume
ﬁil W Incoming Mach Number relative to a stationary
g% shock wave
=z w Work
:f. P Density
s v Ratio of specific heats
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B. DERIVATION OF SHOCK JUMP EQUATION FOR HIGH PRESSURE ON
THE RIGHT

The analytical equation relating the non-dimensionalized
extended Riemann variable, R, change through a normal shock
is derived below similar to that for the Q variable change
when high pressure is on the left [Ref. 2 :Appendix A].

Figure A.1 shows a shock moving to the 1left with
velocity Vg. Subscript A is always associated with
parameters to the left of any discontinuity, and B with
those on the right. To enable normal shock relations to be
used the system requires a velocity in the opposite direc-
tion but of equal magnitude be imposed upon it. The
coordinate system was defined such that vectors, such as
velocity, directed to the right are positive while those to

the left are negative.

\%
S
<4
q q u =q-V u =q-V
a b a S b 'bs
afib ._a[jb
unsteady steady

Figure A.1 Shock Wave with High Pressure on Right
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Since relative incoming Mach Number, w, relates the
‘ velocity downstream, or that region into which the shock is

traveling, to the speed of sound in that region [Ref. 10:pp.

. 114-154] then
N
b
M v 4
q -—

= A s A
! Aa Aa
';"
oy
23 w is a positive value because qp, though negative, is small-

er in magnitude than the equally negative shock velocity,
K, Vg. The speed of sound, A, is positive by definition.
o The appropriate extended Riemann variable in this case

is R, defined as

@ R = q - AS (A2)
N

% Since g is negative, this can be rewritten as

10

.%

o R = =(lq| + AS) (A3)

2

t:‘

" to emphasize that R is the Riemann variable associated with
e the lesser change across the shock [Ref. 3:pp. 18-21]. We
%h adopt the pattern of non-dimensionalizing velocity by the
[

,i speed of sound, pressure and density by corresponding values
K downstream of the shock. Using the entropy S, defined by
KX) ‘
Qﬁ Verhoff [Ref. 1l:p. 2] as

W

2

;l

"

\0: 103

1"

oy . ; RN RSN VRt &‘\‘7 AT M< g ‘-'i‘-"l"r‘a'.\la
R N N T S NN S S R R K] m GREL YR LN Lt



N L2 __ 1 P
g‘.':‘ S _Y_l Y (Y-l) l-n(y) (A4)

then

ot ReRa _ 9% % "%
x

!E.,Q‘ A A A

e

gt de -9 A
!5{*‘ = BA A,s - KE Sg
A

A

2 1
-1 y&-I)

P, p
A,"A, Y
5= ")

In(
a Pa

' P 0
e B 2 1 B °A Y
i B KA[Y-l Y(Y-lfln(PA(pB) )]

- A A P, o Y
ol - BT 0B 2y, By Y BBy A5
'*k A [ AZ] I Aa YO=D TR Yoy (A3)

The ratios of pressure, density, and sonic velocity across a
K normal shock from Zucker [Ref. 7:p. 151] and Shapiro ([Ref.

e 10:p. 118] in terms of Mach Number are

el 3 v+1 y+1

PO B _ 2v,2_x-1 (26)

PR (S (a7)
o o (1w +2

1/2

2 _11] (A8)

= 1 - LAy 2
- a2 0-D 1+ S5 v 2w

sl

K The first term on the right side of equation (A5) can be ex-

e pressed in terms of w by applying simple continuity in mass.
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PaupArea, = OppupAreap

Taking the areas as equal] this becomes

Pa _ B _ (y-LwPe2
2 Ya (y+1)w

By subtracting one from each side

g -1 wi+ 2

Loy o= X Wz

Un (y+1)w

Up ~Up (y=1)w? +2 = (y+1)w°
Ya (Y+1)w2

Up U _ 201 -w?)
Ua (Y+1)w

Substitute equation (Al) for up to get

Up TUy 201 -w?)

WAXAV (Y+l)w2
Ug ~Yp 2(1 —wz)

AA (v+1)w

thus
9 Vg ~ (G -V 2(1 -w2)
AA (y+1)w

9 9 2(1 -w?)

AA (v+1)w
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Combining equations (A6), (A7), (A8), and (Al3; :in%-

equation (A'5) gives

- 2 .
R _ 2045, 2,1 ) y-1 2 2 L
T = few G U-rmme e i NC LS
1 _ vel 2..24 2 .. L2
+ @D L+l oy W -1
2 |
1 2y 2 _y-1l, (y=l)w'=2 ¢ . ;
x {Y(Y_l) [ln((Y‘.’lw '{“’l)( ) /], Ao }

(y+l)w

C. DERIVATION OF CONTACT SURFACE JUMP EQUATION
The analytical expression for the ratic cf s-r.
velocity across a constant surface is derived , 33 I .. -

The first law of thermodynamics is stated as

incremental work done ]
change of amount of on the
internal energy = heat added + system by ‘

to system surrsund:ng '

-

or, in differential form

de = 3qr + VW (A15,

Internal energy is defined as

e = h - pv (Al6)

then
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il de = dh - pdv - vdp (Al17)
The incremental work is given by
daWw = pdv (Al8)

The heat addition is determined from the definition of modi-

iy fied entropy,

dag
T

Q
7
I
I
<

- dggp = - yTds (A19)

B Substituting equations (Al7), (Al8), and (Al9) into equation

" (A15) yields

Bt dh - pdv - vdp = ‘Yng = pdv

Canceling like terms, and rearranging gives

o ap = I TdS + (%)dh (A20)

D Enthalpy, h, is defined as

o h = CpT (A21)
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. For a perfect gas the sonic velocity is given by
X
:
A = (yRgT)1/2

"
N thus
A l
3: dA = 2n«12.3-1')1/2((1'1'/'1') (A22)
;

Substituting equation (A21) and then (A22) into equation
b (A20), equation (A20) becomes
A
3
. dp = ITds + (3)d(CpT)
‘ v
i - Yras + (1
! deS + (v)cpd’r
$ = Yra§ + (hicpT A (A23)
»
. For an ideal gas,
)
! Y = Cp/Cy
‘
N

and
[ ]
p:
R
[ Combining these two equations, and rearranging
N
"
L]
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b ]
.Qja
-

B % = Rg 7 (a24)
o

]

Substituting equation (A24) into equation (A23), and

0}'1
?r ' observing that pressure remains constant through the contact
4y
Y surface

.:t; T

WY T —_

LG ol = = 0
";é. S vdS + V(RG(Y-l)) ‘A‘ (A25)
4:'

A
.y Eliminating T/v, equation (A25) becomes
r’;“
n‘s
-."::'
B 2 dA (A26)
:':' 3 = -

) (:{_—l) d(S/RG) vy
‘!.‘,
’ﬂ Then §7RG becomes a non-dimensionalized entropy. Using the
g‘ notation of S = §/RG now for the non-dimensionalized form,
" so that by integrating both sides

o

¢

: B B
» 2 e - 1 - dA

by T B = Af X
o 2 - =
b 7o1iSg -S,! In A/Ag
>
o
& which can be written as

‘

%

2 ) —7 S (A27)

AA/AB exp

&

ﬁq Definitions used in this development, excluding modified
«Q entropy were from [Ref. 1ll:pp. 87-125].
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D. DERIVATION OF EXTENDED RIEMANN VARIABLE CHANGE ACROSS A
CONTACT SURFACE

An analytical expression for the change in the non-
dimensionalized extended Riemann variable, Q, across
contact surface traveling right is derived here. Figure A.2

depicts a contact surface moving right with velocity gq.

A contact surface shock
—

l

Entropy

VOV A OIS P4|

X

Fiqgqure A.2 Contact Surface Traveling Right
Subscript Notation

Values of paraméters to the left of the interface are
denoted by subscript A', and those to the right with sub-
script B'. As illustrated, parameters to the left of the
shock have subscript A, and to the right subscript B. Aall
velocities are non-dimensionalized by sonic velocity
immediately downstream of the discontinuity. Thus using the

definition of the extended Riemann variable,
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Q = q+ AS (A28)

= T + g(SA') - SB. (A29)

Since velocity is constant through a contact surface, so

that

dar = dp!

then equation (A29) becomes

A

Q '
= A: Sar - S

A! -QBI
AB'

Using equation (A27), this can be written

(y=-1) -
QAI -Q ' (_"2_'(SB| SA'))

A = em Sy ~Sgr (A30)

Multiply each side by AB,/AB, and since AB' = AA then

(y=1) -
QA'-QB' (—Z_(SBU SA!)

T = [(exp )(SA.)-SB.] (AA/AB) (A31)
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. For a contact surface traveling to the 1left as

F illustrated in Fig. A.3 the derivation is entirely similar but

" shock contact surface
k ? < <+
"di 7 —_
ﬁ
¢
5 Entropy Al B A'l| B
p‘.' §
kR
Yt /
¥ /
1 S
- 2
,ﬁ -5 ——p
¢ i i+1
B X
o Figure A.3 Contact Surface Traveling Left
& Subscript Notation
;
5 using the R, extended Riemann variable with the result

g Rgi=R,, 52 (s, ,-s,) Ay
: 2P o e (550)-5,.] (D (A32)
A A

R
‘ A
fQ E. DERIVATION OF OPEN BOUNDARY CONDITIONS WITH CONSTANT
e PRESSURE
[
The equation for density and temperature ratios in terms
SR
w0 of pressure and entropy are derived bhelow. The definition
G'Q
Ol .
:ﬁ. of modified entropy in non-dimensional form is 1
(L% |
" o2 1 p
- s I~ yo-p I (A33) '
R
8
.’:' 112
E '
i

»p P AT A

A . . . : g o f o« .‘- < fﬂl..' ” rN‘..-"A.‘. . ,M‘,.“
’ D ™ v W / \ ARG % h I A N A A
RN\ A ‘A A SS a"t‘a‘."'q.i'\,t’o.",o..b; ‘ ig".'. K .'..'a Wy .\‘. ) ;"!0 ' 0‘\ 3. !'Ul.ﬁ , "0 {) m{bm;hﬂmm‘ oY A;..‘A’.‘




N where P and p are non-dimensionaljized ratios. Then

s - 2P (v(y-1)) = In(e/p")
Y or .

& [(s ’VEI) (=y(v-1))1]
t

W exp = P/pY

Rearranging, -

2
an y (s =31 (v {y=1))]

o p’ = [Plexp 1}

! thus

2
(8 ===p) (~vy(y=-1)) -1/y

2
(s -oop (v (y=1)) -1y
' p = {%&mp Y )}

(A34)
e Using the perfect gas law, -

2P (v -1y

1 (S-
P = {ﬁ(e(p )}

2
o - (S ===p) (=v (y=1))
ﬁﬁ p Y = E%&mp Y )

multiply each side by T and divide by s~ then
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thus

T = cY/o(exp

T = o' e

2
(s -Y—'r) (=y(y=1)) )

(s -72p) (v (1) )
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APPENDIX B
", A4 CMS SYSTEM
':?Z"'
I'\::
S A. TERMINAL REQUIREMENTS
Terminal requirements depend on the desired output. Any
U
PRt
Y terminal, such as the IBM 3278, connected into the VM/CMS
“,5.
‘o
33 system is adequate for a tabular listing or Disspla Metafile
of data. The Disspla Metafile stores graphical data for
)
AU
mﬁ display using DISSPOP commands. If output of the plots on a
tr‘ »
;ﬁﬂ monitor screen is desired, an IBM 3277-TEK618 dual screen
T
o terminal must be used. Table B.I lists terminal require-
0.' ]
X
&Q ments for different outputs.
oy
‘g
gt
" ‘ TABLE B.I
RIS
'ﬁé . TERMINAL AND OUTPUT
fc'l.l
g QUTPUT TERMINA
", Tabular listing of data Any terminal
‘:»"‘v'
J? Graphical data in format :
o for VERSATEC printing Any terminal
M
! Graphical data plotted
, on screen IBM 3277-TEK618
e
D {‘i.
)
. & B. PROCEDURE
et 1. Editing Variables and Program Setup
i
'y
%ﬁ' To change the initial and boundary conditions,
NG
1 ¥
ﬁ? graphical output, and grid size to run the program under
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:;r different conditions, the following must be done. First,
‘ pick the appropriate terminal from Table B.I and log on.
o Enter the editor by issuing the command

?:3;

B x E1DV2 FORTRAN A

" Table B.II 1lists the code variables that will require
o editing and their meaning. 1In addition, to these variables
g. if graphical plots are to be outputed then enter the
™ "BORDER" and "EXACT" subroutines and edit the lines:

e:;& "FIRST ORDER N = 222"

) "DENSITY RATIO = ?2?2? TEMP RATIO = 222"

f?' "PRESSURE RATIO = 222"

1'? To issue the output graphs to the screen comment out the
;{ lines "COMPRS", and use

'?.' CALL TEK618

‘. Otherwise, if a Disspla Metafile of the graphics plot is
::?: desired, comment out the "TEK618" line, and use

;g' CALL COMPRS

‘& These lines are in the "Set up graphics plot of variable"
::' loop in the main program.

;;'h To store these changes, hit the enter key, and type
2 "file". Select the enter key once more. The program is now
E.j ready to be compiled and executed.

;31’ 2. gCommands

T: To compile and execute the E1DV2 code on the VM/CMS
:} system perform the following commands exactly as typed:

'3!

o
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TABLE B.II

EDITABLE VARIABLES

Variable Edit
DIMENSION statement set the dimension of the arrays
for arrays A(N),..., equal to the number of nodes
XARRAY (N) in the grid
N set to the number of nodes in the

grid
GRAPHS set to: 0 for tabular listing of
data

1 for plot of density,
entropy, pressure and
velocity distributions

2 for plot of exact density
distribution compared to
computed density

distribution
SKIP set to number of time steps between
calls to output routines
JSTOP set to maximum number of time steps
TRI set to initial temperature ratio

across diaphragm

PRI set to initial pressure ratio across
diaphragm
DRI set to initial density ratio across
diaphragm
QLI set to initial velocity left of
diaphragm
o QRI set to initial velocity right of
2: diaphragm
), .
2 LBDPRI set to initial pressure ratio
wﬂ across left boundary
2 LBDTRI set to initial temperature ratio
e across left boundary
hf LBDORI set to initial density ratio across
» left boundary
o™
I\
|:%
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TABLE B.II (CONTINUED)

i RBDDRI set to initial density ratio across
right boundary

g ’

:: RBDPRI set to initial pressure ratio across :

R right boundary

.S.

™ RBDTRI set to initial temperature ratio 1
across right boundary

€

i G set to desired value of gamma

t o

[}

Wl EE set to desired error tolerance for
i calculation of characteristic slope
(i.e., 0.1D-8)

P, LWPRES set to: 2 for low pressure on right
X side of diaphragm
o 3 for low pressure on left
W side
;' LBNDRY set to: 1 for closed boundary

)] RBNDRY 0 for open boundary

4
?f LBDPRS set to: 0 for constant pressure at

! RBDPRS left boundary -

1 for pressure that adjusts
e at the left boundary

W XINIT set to location of diaphragm

a8

L)

't

o VHEAD set to exact velocity for head of

- expansion wave

R

o VTAIL set to exact velocity for tail of

¢ ) Y

N, expansion wave

l:.

B VCDE set to exact velocity for contact
surface

i

9] VSE set to exact velocity for shock

*3 wave

%

! DLCD set to exact density behind contact

¥ surface

y

» DLSH set to exact density behind shock

i : 118 -
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E‘c"
y TABLE B.II (CONTINUED)
R

¥ SIGMA(1,2) set to diaphragm location (i.e.,

SIGMA(2,2) 0.5D00)
O SIGMA(3,2)
K SIGMA(4,2)
i':,::'
K Y There are four cases where Y
ey appears in the program
edit as follows:

My Comment out Y = (Integer#), use:
™ first, Y = (N+1)/2 if LWPRES = 2
Qf second, Y = (N+3)/2
Bt and

: third, Y = (N-1)/2 if LWPRES = 3

fourth, Y = (N+1)/2
o for diaphragm at 0.5
\ Comment out those above, if dia-
y phragm at another node. Set
{*. first, Y = (Integer #) of node for
i LWPRES = 2
- second, Y = (# + 1)
i and
e third, Y = (Integer # - 1) of node
o for LWPRES = 3
I fourth, Y = (#)
[0 s .
o~
b
Wy
b
K2
!
e
‘f’oﬂ
N
3y
};;
b
) .’.
St
&
o)
A
“7
259
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o
hiA
}f 1) Increase the virtual memory by entering
'J DEFINE STORAGE 1M
E* 2) To return to CMS environment enter
_,: I CMS
v,
gi 3) To compile the program enter
"8 FORTVS E1DV2
Wc The screen will display messages as it compiles each
E routine and when finished a ready symbol appears.
'?? 4) To execute the program, enter
"f- DISSPLA E1DV2
%3 The message
::': ... YOUR FORTRAN PROGRAM IS NOW BEING LOADED...
e .. .EXECUTION WILL SOON FOLLOW...
,;E should appear, followed by
:; .. .EXECUTION BEGINS...
-~ If at a TEK618 terminal with GRAPHS equal to 1 or 2
~i; then the screen on the TEK618 will begin plotting the
f%; selected graph. A
:)' ...press ENTER to continue...
iﬁ message wWill appear on the 3277 terminal. If a copy of the
i?; plot is desired, do so now before pressing the enter key.
“& After pressing the enter key on the 3277 terminal, the plot ‘
E;E will be erased and the program will terminate. Proper 1
Ezg termination will result in
iy END OF DISSPLAY 9.2 ##%# VECTORS IN 1 PLOT...
jgg appearing, followed by a ready message.
-
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If GRAPHS was set to 0, then proper termination
would be a ready message. The tabular listing of pressure,
density, velocity, entropy, and Riemann variables will be in
"FILE FT09F601." The exact location of the shock, contact
surface, and expansion wave with elapsed time will be in
"FILE FTOS8FO0O01l." The computed location of the shock,
contact surface, and expansion wave with elapsed time will
be in "FILE FT10F001."

A second method to compile and execute the program,
plus provide the files with a name is to create the follow-
ing EXEC file on the user's disk.

FI 9 DISK FILEO9 LISTING A(PERM
FI 10 DISK FILE1lO0 LISTING A(PERM
FI 8 DISK FILEO8 LISTING A(PERM
FORTVS &1
A possible file name and required file type would be
RUN EXEC
To compile the program and défine the output files, enter
_RUN E1DV2
After compiling is finished, and the ready message appears,
enter

DISSPLA E1DV2

The program executes as outlined before.
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APPENDIX C

FLOWCHARTS

Flowcharts for major routines in E1DV2 are shown.
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e Cstert D

-";'.: set inttial and

R

f'!;’:; boundary conditions
l"

set Riemann variables

set up graphs plots

30 call “time"

call "dburst”

call "list”

no

Gy " call "time"

Lot call "trak”

call "sweep”

no Inode(])=0
nodes crossed

rnode(1)=0

.:. .
i ©
S

Figure C.1 Main Program Flowchart
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rnode(1)=0

call "corrct”

open
boundary
?

call extrap

I
call srfict

1

v

repeat biock A
for left boundary

?

call plot call list call exact
1 1 ]

Figure C.1 (Continued)
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(input data)

:‘:;:‘ . locate reference node

‘e for discontinuity location
I

iy determine direction
o shock travels

cailculate
ag::t" ’ MREIMN

DREMN = MREIMN
4

calculate W

ol !

ol calculate EREIMN

S
IEREIITl\g%mREImnl | D =|E-MI+D
< -

¥ calculate S
<4

e calculate CSRMN
gcﬁ

|
:: 4 calculate correct MREIMN

NG
2 GO D)

Figure C.2 "DBURST" Subroltine Flowchart .
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CD

re t steps
in %loc& A P
with new values

calculate S'new

shock velocity

calculate

1
call EXTRAP

call SKyump

R 0
SOLTRN LN

Return

Figure C.2 (Continued)

) ()
DO RIDAIN)

S'=S'new




(input data)

update sigmall,})
to current time

determine 12(})

tjes shock
neutralize| outside open
shock boundary ?
no
time =0 yes high yes
or shock near pressure on
boundary ? right ?
skdir=ieft
no no
skaw=right
L >
contact no shock no
and shock on node ?
n same interval
yes
yes ad just 12(1)
and X2(1) e
Is no
skdir = left ?
1s
yes shock to righ
of contact surface ?
¥ no
. uves | adjust 12(l)
g shock at node and x2(i)
4 | :
K< no
"‘ a b c a e {

Figure C.3 "TRAK" Subroutine Flowchart
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1 . " .;. ‘Q. ,i

vl‘\ “ﬂ.

calculate w
and dq

1S
shock to left
f contact ?

no

calculate w
and dq

- y l

calculate MREIMN |g

|
DREMN = MREIMN

¢
caiculate w

1

calculate
AR,PR.DR,DQ

i
polculate EREIMN

no
IM-El+D
es
@ Y calculate W
no |
calculate v
s
I
calcuidte TS
P>

B

Figure €.3 (continued)
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Is jes
Ny TS <?DELT DELT = .89TS
)

no

e calculate sigmal(l,2)
“ at new tIme

R es
,::E: Time=0? J determine CSDIR

il no |
{

KN g
e

i | CSDIR =right ~ A

.
5 yes

cali "skjump’

|
Q =QA

¥
: ‘ are shoc yes
% and contact
f,., in same interval ? calculate Q
: account for shoct

s : calculate
average Q

3 —
P

1S CSDIR = eft

compute the same
as in A but for flow left

-

il (o]

v , Figure C.3 (Continued)

129

o - |
)

Y - A" S P N
.

TN - . - 7 vy T a T AN K RN O N \" O™ \""', ™
“‘:'5."'57-“‘,!‘?.“ !’i‘hl. B q" 3 L) 9)-6‘-, ."5.“‘3.&‘:‘;', “'.';“’x ' g !‘l - 'z.l '\’b“\.t.!.l 5“!‘)‘. .".Q;‘?&‘,!;‘_‘\,— A 5! n 2L N p ?'- "r !'a RS




calculate slgmc(z 2)
9, . at new tim

update TIME

7 e = P

yes calculqate
| VHEW and
VTEW

p,

M

¥,
LR!
¥,

no

ST

yes calculate
s!gmaé 4 .2;
sigmal(3.2) and

-

no

¥ |
K: C Return )
3

o . Figure C.3 (Continued)
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R
't
| anut, Data
v. .
‘ compute
and A at each
‘ node
’S
( call "bondry"
B (for left boundary node)
| I
: T2
ock
in FQt or r‘lght
: Interval =
R
k. assign 1st shock digit
aY
' trcvellng left
9 orright %
)
b
1 assign 2nd shock digit
)
\ crosses node
\ in path ?
K
- assign 3rd shock digit
i shock = 100
E
contact surface in left
; Qr right interval 2
)
'
a b c
' Figure C.4 "SWEEP" Subroutine Flowchart
.
)
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assign st cntact digit

traveling left
orright ?

ssign 2nd cntact digit

Crossed nod
in Pcth In this
time step ?

assign 3rd cntact digt

cntact= |0

shock = |00
and/or cntact = 100 ?

shock left
or right ot
contact ?

left

—

determine which determine which determine which
condition routine condition routine condition routine
applies applies applies

[ —_ —— — ]
call appropriate condition routine

- I I L 1
call call call call call
cond | cond3 cond4 cond” cond?7s
call call call call call
cond?2 condS condbd cond7n cond?
| ] ] 1 I
| |
a b c

Figure C.4 (Continued)
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Y L L aah aas gy Slad balt Sad auc Baik Al Ba o bac liat Rt dhnboler Sl el

»
-

-
Sl

-
-l

.'d- - .
BP0

calculate dw

3
Q calculate z
]

integrate z

olv
RS
Qs

for
EP SSTEP,
EP

o9

Ve
T
ST

store solution
[=1+1

- - .
oy

LR =

yes

-

.- . no

call "bondry*
(for right boundary)

]

o
i L
:. pdate variabies to new time
U

|
- ( Return )

Figure C.4 (Continued)
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(Input. Dotc)

calculate
Inttial estimate
of LMD(l)

calculate interpolated
values of qand A
at point A

calculate E(1), errc:®

set LMD = new slope

no

yes

calculate interpolated
QQINT.RRINT.SINT

calculate
spatial derivatives

( Return )

Figure C.5 General "COND1, 2, 3, and 5" Subroutine Flowchart
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s (Input Data)
N

% 4 v
"y set ' set
e Rnode(l) =1 Lnode(l) =

. Rnode(2) = shock , Lnode(2) = shock
;' Rnode(3) = cntact Lnode(3) = cntact

i Rnoede(4) = § Lnode(4) =

e dw =0

.: 5: Return
- .

Figure C.6 "COND4" Subroutine Flowchart

s | 135
N ,

NG PR N oY

- A o O o, (‘ J' ‘
’ ‘:.‘tzo,,t?p,:t‘h ?éb AN ) a'. o .t‘ .s l" R l'n h"ﬂ "r Q l .‘ ‘.‘ 'I'.. \‘l'g,l\.l‘gtl.gh L. I'. Y ':' ) , '9, !'. Pttty b AL

u.l.&"



e (lnput. Data )
:

define statement

.' functions 4
L)

33

‘f’o two node

n Inode, to correct,

shock omg or and snock/c.s

R contact only ? interaction ?

3

L

)

B

A rnode

to correct ? >

A

fo:g
o set variabies

)
1::‘ ye
0 shock » 322 or 321 correct -

0 and cntact = 232 2 Inode

W

K no ]
o

S shock =232 or 231 J | correct L
;. andcntact = 322 2 Inocde

ool
K- no

;;: shock = 222 or 321 yes
KX and cntact = 321 or 322 correct

X orshk = 232andc¢nt =321 2 incae

B

o

T no

i

P shock = 332 or 23 | ye

'.: and cntact = 232 or 231 correct

K or snk =322andcnt =232 Inode

n::

.

A8 nho \ 4 ‘
tt a & a
1’ > d
o Figure C.7 "CORRCT" Subroutine Flowchart ]
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TV RErTwTT RTY Byt mAT R ST

" Inode and rnode
Ny interaction

yes correct
node and |-

rnode

yes correct
lnode and (-

rnode

yes
lnode(2) = 100

yes correct
node and |-

rnode

no

yes correct
Inode andg-

rnode

Lo, Inode and/or rnode
> to correct
"3 no iInteraction

1
—_— set variables
e lnode

LANA
ALSLAFATNES
D'

C

-
-
-

Figure C.7 (Continued)
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RS TRRETTRTTRFTERETIRVIRTTRITTRRTT -“T

shock = 100

correct |-
cntact7- 321

node

shock = 100

correct ||
cntcct?- 321

node

shock = 321

correct
cnt.act?- 100

node

shock = 231

correct |
cnt,oct?' 100

| node

set variables
rnode(l) =0

rnode(l) =07

B .
'~'.' ( Return )
¥

Figure C.7 (Continued)
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oyt

Clnput. Dataj
1

caiculate P2
. I

iy determine
KT left or right
o boundary

is
J=1,0pen const P
boundary ?

yes

no

ke set values in
R boundary arrays

Is
ooundary closed set values

at phantom node

£,

is
poundar ressure
ad justable ?

A

X
b

no

set values
at phantom node

e ——»

print statement

ossed boundary
N HALT = |

no

calculate values
at phantom node

D »

a b

O

d

A .o Figure C.8 "BONDRY" Subroutine Flowchart
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shock crossl og
boundary node

o CALL "SKJump"
el L
it ; caiculate RR and QQ

< I |

is
boundary ope
and shock within

no interval ?

yes

right boundary ~
yes

o ‘ call "cond3d”

" \ 4

call “cond2”
[ )
)

1S boundar
closed and shoc
interval ?

yes

£ in

dw =0

call "cond 1"
4 .

s calculate dw
, [
i calculate z

B
'.' k)
oM

o a b c

o €

ol - Figure C.8 (Continued)
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S

i}j;::

sl}‘e

o,

y a b c d e

$ -

;;;i;. integrate z

'::"

N

B soive for

values at new

time level

“ >

o store solution

e in NEWRR(n)

et NEWQQ(n)

NEWS(n)

oy
g
i.::i'.
N,
o boundary ope yes

“ with p adjustable ? update

: . phantom node
0
L
Kot
T
e no 1s

< boundary open

> with constant p 2

k)

| 0l 0

)

4

s

AN

¢ shock crossing ugdote

) boundary ? phantom node
(R} no

'y > i
' )
N calculate PR at ooundary
:.,' from new values
L 1

- calculate error

2 El and E2
‘l‘a .
: f‘:' no
i

’ .
B -
‘N
ft'\

A o .

e Figure C.8 (Continued)
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C Input Data )

calculate DELTWL

calculate DELTEX

calculate DQ over
reflected shock

calculate W

calculate
AR ,PR,DR across
shock

uiqte d
C l shocfc1 A

ate Rie
vc%?‘%\”stat boundary

calculate new VS

[}
tc : calculate new sigma(i,2)

1
K ' CR eturn )
L) .

h Figure C.9 "SRFLCT" Subroutine Flowchart
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APPENDIX D

E1DV2 FORTRAN LISTING

SHIEIEIEIEIE 0L 06 20 06 D0-00 0 30 30 6 D6 0 90 36 08 00 8 5096 50 00 30 38 00 00 30 06 06 38 06 36 38 06 06 3¢ 3¢ 3% 3¢ 3¢ 3¢ 0

EULER-1D
VERSION 2
(E10V2)

THIS PROGRAM SOLVES THE EULER EQUATIONS
EXPRESSED IN A QUA2I-ONE DIMENSIONAL
STREAMLINE COORDINATE SYSTEM.

AUTHOR - LT. D.T. JOHNSTON,FEB 1987

BASED ON THE EULER1 CODE BY
T.F. SALACKA, DEC 1985

FEATURES OF THIS VERSION (2}

¢ ORDER OF SPATIAL DERIVITIVES ~ FIRST
¢ NUMBER OF SPATIAL DIMENSIONS = ONE

+ DISCONTINUITIES TREATED:

SHOCKS - YES

COMTACT DISCONTINUITIES - YES

EXPANSION WAVES - YES
+ HIGH PRESSURE SIDE

LEFTY - YES

RIGHT = YES

]
00000 D00 00 26 3036 56 0 90 30 36 30 20 3 30 96 30 D D 90 36 30 08 0 08 UL UR SLULIR S50 6 34 0 90 90 3090 90 00 34 30 0%

SOPR000000 003000000000 000004000000040000040000 00

* *
* CONVENTIONS AND  DEFINITIONS .
* *

BOPORPPPP2000 0004000000000 000000000000000400000%
eeecee NON-DIMENSIONING CONVENTION==seec=ce==

ALL VELOCITIES NON-DIM. BY THE SOUND SPEED ON
THE LOW PRESSURE SIDE OF THE DTIAPHRAGM.

ALL PRESSURES, DENSITIES, ANO TEMPERATURES ARE
NON-OIM. 8Y THEIR INXTIAL VALUES ON THE LOW
PRESSURE SIDE OF THME DIAPHRAGHM.

SPACIAL DISTANCE IS NON-DIM.BY QVERALL LENGTH.

ENTROPY IS NON-DIM. BY THE GAS CONSTANT, R.

TIME IS NON-DIM. BY {(LENGTH/SOUND SPEED).

VELOCITIES ANO OISTANCES ARE DEFINED POSITIVE
YO THE RIGHT.

eceecece=es SUBSCRIPT NOTATION

SPACTAL NODE 11 TO N FROM LEFT TO RIGHT)
TIME LEVEL (0 IS THE INITIAL CONOITION)
DEMOTES WHICH CHARACTERISTIC WAVE IS BEING
DEALT WITH:

1 s QoA 2e=q S = Q-A
DENOTES WHICH TYPE OF DISCONTINUITY IS
BEING DEALT WITH:

1 ® SHOCK 2 = CONTACT DISCONTINUITY

3 = HEAD OF EXPANSTON MAVE

4 = TAIL OF EXPANSION HAVE

x -
[ ]

-
]
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A = SPEED OF SOUND
#A - DENOTES THE VALUE OF A VARIABLE AT THE NODE
TO THE LEFT OF A DISCONTINUITY. » CAN
8E ANY VARIABLE NAME.
AR = THE RATIO OF SOUND SPEED ACROSS A
SHOCK, A/B(SHOCK MOVING RIGHT),B/A(SHOCK MOVING LEFT}
#8 - DENOTES THE VALUE OF A VARIABLE AT THE NODE
TO THE RIGHT OF A DISCONTINUITY.
BORY ~ 3 DENOTES LEFT BOUNDARY,;2 THE RIGHT BOUNDARY

COUNT - COUNTER FOR GRAPHICS ROUTINES

DARRAY - ARRAY OF DENSITY FOR PLOTTING

DELT - TIME STEP

DLCO - DENSITY BEHIND THE CONTACT
OISCONTINUITY IN THE EXACT SOLUTION.

OLSH = DENSITY BEHIND THE SHOCK IN THE

EXACT SOLUTION.
0Q -~ THE JUMP IN VELOCITY ACROSS THE SHOCK
DIVIDED BY THE SOUND SPEED AT B(RIGHT) OR A(LEFT)
INITIAL DENSITY RATIO ACROSS THE SHOCK
DESIRED PRECISION FOR CHARACTERISTIC CALCULATIONS

[~ ]
o
(2]
[]

1~ = GAMMA (RATIO OF SPECIFIC HEATS)
GRAPHS - FOR GRAPHICAL OQUTPUT, O=NONE (TABULAR)
1=PLOTS ALL VARIABLES
2=COMPARES DENSITY WITH EXACT SOLUTION
6l - 1/16-1)
62 - 2/1G-1)
H - 1/(N-1)

HALT - TERMINATES PROGRAM IF 1,SET BY CONDITIONS NOT CODED
I2 - NUMBER OF THE NOOE TO THE RIGHT OF A
DISCONTINUITY.
JSTOP -~ NUMBER OF TIME LEVELS TO BE CALCULATED
LBOOR - LEFT BOUNDARY OENSITY RATIO
LBOORI - LEFT BOUNDARY DENSITY RATIO AT TIME ZERO
LBOPR - LEFT BOUNDARY PRESSURE RATIO
LBOPRI - LEFT BOUNDARY PRESSURE RATIO AT TIME ZERO
LBOPRS ~ VALUE OF 0 DENOTES CONSTANT PRESSURE AT LEFT BOUNDARY -
»1 DENOTES ADJUSTABLE PRESSURE AT THE LEFT BOUNDARY
LBDTR -~ LEFT BOUNDARY TEMPERATURE RATIO
LBOTRI - LEFT BOUNDARY TEMPERATURE RATIO AT TIME ZERO
LBNDRY - DENOTES LEFT BOUNDARY CONDITION, OPEN OR CLOSED
LNODE - ARRAY OF LEFT MOST NODE TO BE CORRECTED IN CORRCT
LHPRES ~ DENOTES WHICH SIDE OF DIAPHRAGM HAS LOW PRESSURE
N - NUMBER OF SPACIAL NODES (0D0 NUMBER)
ND - DOUBLE PRECISION VALUE OF N
NEW#(I)~- STORED VALUES OF % FOR THE NEXT TIME LEVEL
PARRAY = ARRAY OF PRESSURES FOR PLOTTING
PRI = INITIAL PRESSURE RATIO ACROSS THE SHOCK
PLTCNT - COUNTER FOR GRAPHICS ROUTINES
Q = ABSOLUTE FLUID VELOCITY
QARRAY - ARRAY OF VELOCITIES FOR PLOTTING
QLBD ~ INITIAL VELOCITY AT LEFT BOUNDARY
QLI = INITIAL VELOCITY LEFT OF THE DIAPHRAGM
QRBO - INITIAL VELOCITY AT RIGHT BOUNDARY
QRI = INITIAL VELOCITY RIGHT OF THE DIATHRAGM
QQ = Q+AnS (EXTENDED RIEMANN VARIABLE)
RBODR - RIGHT BOUNDARY DENSITY RATIO
RBODRI - INITIAL RIGHT BOUNDARY DENSITY RATIO
RBOPR - RIGHT BOUNDARY PRESSURE RATIO
RBOPRI ~ INITIAL RIGHT BOUNDARY PRESSURE RATIO
RBOPRS ~ VALUE OF O DENOTES A CONSTANT PRESSURE AT RIGHT
BOUNDARY, WHILE 1 IS FOR ADJUSTABLE PRESSURE
RBOTR - RIGHT BOUNDARY TEMPERATURE RATIO
RBOTRI - INITIAL RIGHT BOUNDARY TEMPERATURE RATIO .
RBNDRY -~ DENOTES RIGHT BOUNDARY OPEN OR CLOSED
RNODE - ARRAY FOR RIGHT MOST NODE TO BE CORRECTED IN CORRCT
RR = Q-A»S (EXTENDED RIEMANN VARIABLE)
S = ENTROPY
SARRAY - ARRAY OF ENTROPY FOR PLOTTING

c
[~
c
c
c
c
c
c
c
c
c
c
¢
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
C
c
c
c
c
c
c
c
¢
c
c
c
c
c
c
c
c
c
c
c
c
C
c
c
c
c
c
c
C
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‘0 ?c
+
&
i
L~y c SIGMA <~ SPATIAL LOCATION OF DISCONTIMUITIES
;}' ¢ SIGMALL,J) WHERE L INCICATES THE TYPE OF
“,.". c DISCONTIMUITY AND J INDICATES THE
G, c TIME LEVEL) 1 - CURRENT LEVEL
" c 2 - LEVEL BEING CALCULATED
c SK - INTEGER THAT DENOTES RELATIVE LOCATION OF SHOCK NEAR
ot c BOUNDARIES
Xy ¢ SKIP - VARIABLE WHICH INDICATES HOW MANY TIME STEPS BETWEEN
RS c CALLS TO OUTPUT ROUTINES
- c T - TIME SINCE INITIAL CONDITIONS
> c TRI - INITIAL TEMP. RATIO ACROSS THE SHOCK
o c VHEAD =~ VELOCITY OF THE HEAD OF THE EXPANSION
‘ ¢ WAVE FOR THE EXACT SOLUTION.
c VTAIL - VELOCITY OF THE TAIL OF THE EXPANSION
q'- c WAVE FOR THE EXACT SOLUTION.
} . c VCOE - VELOCTIY OF THE CONTACT DISCONTINUITY
N : c FOR THE EXACT SOLUTION.
e c VS = THE SHOCK SPEED(POSITIVE RIGHT, NEGATIVE LEFT)
5%, ¢ VSE ~ VELOCITY OF THE SHOCK FOR THE EXACT
o c SOLUTION.
c ] ~ MACH NO. RELATIVE TO A STANDING SHOCK
. c XARRAY ~ ARRAY OF SPATIAL POSITIONS FOR PLOTTING
Y c XEXACT ~ ARRAY OF SIX X VALUES FOR THE EXACT SOLUTION.
> ¢ XINIT -~ INITIAL POSITION OF DISCONTINUITY FOR
'j c EXACT SOLUTION PLOTTING.
S c X2 -~ LOCATION OF NODE TO RIGHT OF DISCONT.
O c ALONG THE SPACIAL AXIS.
L0 ¢ Y - (N+1)/2
e c YEXACT - ARRAY OF SIX DENSITY VALUES FOR THE EXACT SOLUTION.
" c
o ¢ ##% OTHER VARIABLES ARE DEFINED IN THE
< ¢ SUBROUTINES WHERE THEY ARE USED wmwmsx
LSk [
\'{ c PEPPPEPP4 P 4220290405000 3 009409044044 443 44444444
; - (o4 + +
i c N PROBLEM SET - UP N
C + +
..._ ( c PPPPPPPP R4 PP PP 4422222400090 9240300400400 0 0%
ASS c
e c THE PARTICULAR PROBLEM FOR THIS VERSION IS:
L c
e c SHOCK TUBE, SINGLE CENTERED DIAPHRAGM WITH
SV ¢ HIGH PRESSURE SIDE TO THE RIGHT.
L ¢
2 ¢ BOUNDARY CONDITIONS - LEFT END CLOSED,RIGHT END OPEN
I [
;ﬂ:& c e VARIABLE DECLARATIONS ecc-ceccec-= -
A0 c
,}ﬁ' DIMENSION I2(4),X2(4),XEXACT(6),YEXACT(6),LNODE(G),RNODE(G),
‘o c SIGMA(G,2)
l_ , [«
e Cc 444944 USER INPUT REQUIRED HERE 4444444444404+
c
;p; C =eee- SET THE DIMENSIONS EQUAL TO N ==---
,:‘.‘. Cc
' DIMENSION A(1013},Q(101),QQ(101),RR1101),5(101),
¥y ﬁ ¢ NEWRR(101),NEWS{ 101 ),NEWQQ( 1011,
p c PARRAY(101),DARRAY{101),SARRAY(101),
I . c QARRAY (101 },XARRAY(101)

INTEGER I,J,N,JSTOP,Y,GRAPHS,COUNT ,PLTCNT ,BORY ,SK ,RBNDRY ,
SKIP,I2,LWPRES,HALT,LNODE ,RNODE ,LBNORY ,LBOPRS ,RBOPRS
DOUBLE PRECISION TRI,PRI,QLI,QRI,ORI,G,G1,G2,SIGMA,EE,NEHQQ,
DELT,H,ND,X2,AR,N,0Q,VS,T,4,Q,GQ,RR,S,NENRR ,NEHS,
LBOPRI ,LBOTRI,LBODRI,LBOPR,LBOOR ,LBDTR,QLBD,
RRA,QQA,AA,SA,QA ,RRB ,GGB .48 ,38,GB ,
RBOPRI ,RBOTRI ,RBODRI ,RBOPR ,RBOOR ,RBDTR ,QRBO
QCS,VTEN,VHEN ,
REAL VTAIL,VCDE,VSE,DLSH,DLCD,XINIT,VHEAD,

o000 n (9]
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Rad A a4 T T T I T ORI T T W TR W RO

Ooo0o0n

OOO0O0000

Q00000 NO OO0 O0O

c XEXACT , YEXACT yPARRAY , DARRAY » SARRAY , QARRAY » XARRAY
COMMON AR,DQ,VS,H

~==== ENTER THE APPROPRIATE VALUES BELON -~-=--

N= 101
GRAPHS=1

~-=== FOR GRAPH = 1 OR 2 MUST ENTER CHANGES IN SUBROUTINE ---=--
--=-=- BORDER AND SUBROUTINE EXACT -----

«-=== LINES “FIRST ORDER N = 272"

~asso "“DENSITY RATIO = ??? TEMP RATIO = 2?73

----- "PRESSURE RATIO = ?27?7?"

SKIp=18
JSTOP=101
TRI=1.0000
PRI=S.0000
DRI=5.0000
QLI=0,.0000
QRI=0.0D00
LBOPRI = 1.D00
LBDTRI = 1.D00
LBODRI = 1.D00
RBODRI = 1.000
RBOPRI = 4.000/5.D000
RBOTRI = 1.000
G=1.4D00

EE=0.1D-8

~===« DENOTE LOW PRESSURE SIDE BY SETTING --~--
we=>= LWPRES = 2 IF LOW PRESSURE ON RIGHT
-wee~= LWPRES = 3 IF LOW PRESSURE ON LEFT

LWPRES 2 3
-==== SET BOUNDARY CONDITIONS BY SPECIFING OPEN OR CLOSED -~---
«==<= LBNDRY: OPEN = 0, CLOSED = 1 (FOR LEFT BOUNDARY) =--=--

====- IF OPEN SPECIFY IF PRESSURE IS TO BE MAINTAINED AT LBOPRI -w---
=== OR IF IT CAN ADJUST TO PREVENT ANY WAVES FORMING AT THE BOUNDARY -
w==== LBOPRS: CONSTANT = O, ADJUSTABLE 2 1 -====

-==== DO THE SAME FOR RIGHT BOUNDARY3 RBNORY,RBOPRS =-w==

LBNDRY = }
LBOPRS = 1
RBNDRY = @
RBOPRS = 0
meeecce==e  EXACT SOLUTION VALUES <=ec-- ceem—-
XINIT=0.50 :
VHEAD= 1.0
VTAIL= 0.310587
VCDE=~.574487

VSE=-1.402346
DLCD=2.713115
DLSH=1.69344
SIGMA(1,2)=0.50000001000
SIGMAL 2,2)=0,50000001000
SIGMA(3,2)=0.50000001000
SIGMA(4,2)=0.50000001000

+44444444¢ END OF USER INPUT AREA ++4d4440

SK = 0
T=0.0000
00 10 I=1,4
I2tI)=0
LNODE(I) = 0O
RNODE(I) = O '
X2(1)=20.0000
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\)
RN
oi:*.
x :} SIGMA(I,1)=0.0000
by 10 CONTINUE
highy NO=DBLE(N)
) H=1.000/(ND-1.000)
N DO 11 I=1,N
A(T)=0.0000
e Q(I)=0.0000 )
SN NENGQ! I )20.0000
s = NEWRR!( I 120.0000
P, NENWS(1)=0.0D00
1 QARRAY(I1=20.0
L0 PARRAY(1)20.0
DARRAY(I)=0.0
. SARRAY(T1=0.0
o XARRAY(T }=FLOAT(I-1)%SNGLI(H)
a5 11 CONTINUE
4 Vg DELT=2.0000
) ¢
ﬁ:":‘, C =--=-LOAD INITIAL REIMAN VALUES INTO NOBE LOCATIONS,FIRST FROM NODE---
L C —mmnm 1 TO MIDPOINT (Y), AND THEN FROM Y TO N. NOTE IF SHOCK DOES NOT--
€ —---- START AT MIDPOINT THEN Y SHOULD BE SET TO NODE WHERE SHOCK -----
. C =eu=- INITIALLY IS--=--
g'l:' Cc
Al AR=1.0D00
A DQ=0.0000
W W21.0000
n v$20.0000
A QCS=0.000
A VHEWz0.D00
i VTEW=0.000
=G G1x1.000/(G-1.000)
_,,-.‘; 6222.000/1G-1.000)
).‘-. [
>y g cwe== FLOW RIGHT -----
1)
oy IF(LWPRES.EQ.2) THEN
LBOOR = DRI »* LBDDRI
W LBOPR = PRI ®» LBOPRI
"\3 LBOTR = TRI % LBOTRI
s QLBD = QLI
Lo RBDOR = RBODRI
% RBOPR = RBOPRI
p" o RBOTR = RBOTRI
N QRBD = QRI
) Y = (N+l)/2
g c Y =38
.;'“ DO 12 I=1,Y
noy S11)=62-(61/6G)%DLOG( PRI/( (ORI }#%G))
Yokt QQIT1=QLI+0SART{ TRI I%S(1)
:.' RR(Ii=QLI-0SQRT(TRI I#S(T)
Ty 12 CONTINUE
o YE(N+3 172
c Y239
LS DO 13 IaY,N
P, S(1)3G2
o QQ(T)2QRI+S(T)
a RR{I12QRI~S(T)
T 13 CONT INUE
B ELSE
c
T C ---== FLOW LEFT -==--
50N c
Y LBODR = LBDORI
p ) LBOPR = LBDPRI .
N
.h: LBOTR = LBDTRI
D QLBD = QLI
W RBODR = RBODRI % DRI
RBOPR = RBOPRI % PRI
o RBOTR = RBOTRI # TRI
s: ‘j . .
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QRBO = GRI

Y = (N-1W2

c Y =13
00 14 I=1,Y
StI)=62

QQUI)=QLIS(T)
RRII)=QLI-S(I)
14 CONTINUE

Y = (N+1)/2
c Y =14
DO 15 I=Y,N

S{I)=G2-(G1/G 1%0LOGI PRI/ (DRI 1%xG) }
QAU I)I=QRI+OSQRT(TRI )*S(T}
RR(I)=QRI-0SQRT(TRI }*S(I)

15 CONTINUE

END IF
c
e — SET UP GRAPHICS PLOTS OF VARIABLES ~----
c
IF (GRAPHS.GT.0) THEN
CALL COMPRS
c CALL TEK618
CALL HWROT( *AUTO®)
CALL HWSCAL( 'SCREEN')
IF (GRAPHS.EQ.2) THEN
CALL PAGE(11.0,8.5)
ELSE
CALL PAGE(8.5,11.0)
END IF
IF (GRAPHS.EQ.1) THEN
CALL BORDER{JSTOP)
END IF
END IF
HALT = 0
J=1
COUNT=1
IF (GRAPHS.EQ.1) THEN
CALL PLOT(J,JSTOP,N,Q@,RR,S,H,XARRAY ,PARRAY ,
#DARRAY ,GARRAY , SARRAY ,G,G1,62)
END IF
¢
C -mmm- BURST DIAPHRAGM ===
¢
CALL TIME(N,QQ,RR,S,0ELT,H)
CALL DBURST(N,H,QQ,RR,S,G+61,62,DELT,I2,X2,H,4R,0Q,VS,LHPRES,
¢ SIGMA,A,Q)
c
IF (GRAPHS.EQ.01 THEN
CALL LIST(N,SIGMA,GQ,RR,S,6,61,62,J,T,DELT,VS,QCS,VTEW, VHEN,
¢ XINIT,VHEAD,VTAIL ,VCDE ,VSE )
END IF
c
R BEGIN CALCULATION FOR JUMP TO NEXT TIME AND CONTINUE --=~-
C ~=me- UNTIL EITHER JSTOP REACHED OR SHOCK MEETS CONTACT SURFACE -----
¢
16 IF (J.EQ.JSTOP) GOTO 18
PLTCNT=2J/SKIP
¢
CALL TIME(N,QQ,RR,S,DELT,H)
¢
CALL TRAK(N,SIGMA,H,QQ,RR,S,6,61,62,DELT,I2,X2,N,AR,DQ,VS,J,
c LWPRES ,QCS , VHEW , VTEW )
1 Cc
. CALL SWEEP(N,H,SIGMA,QQ,RR,S,DELT \EE,Q,A,NEHGQ,NEWRR ,NERS ,12,G2,
y ¢ J+LNODE , RNODE ,HALT ,LBNDRY , LBDPRS . LBDPR ,LBOTR , LBDDR
\q [ QLB8D,G,G1,RBNDRY ,RBOPRS ,RBOPR,RBDTR,RBOOR.QRBD,B0RY,
~ ¢ SK)
¢

IF(LNODE(4).LT.J) THEN

(]
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LNODE(1) = O
RNODE(1) = O
GO TO 17
END IF
IF(RNODE(4).LT.LNOOE(4)) THEN
RNODE(1) = 0
END IF
c
CALL CORRCT(LNODE ,RNODE ,N,SIGMA,H,QQ,RR,S,6,61,62,I2,X2,1,AR,0Q,
Cc VS,A,qQ)
c
17 IF (SIGMA(1,2).GE.1.D00) THEN
IF(RBNDRY.EQ.O0) THEN
IF({SIGMA(1,2).NE.3.D00) THEN
SK = 2
CALL BONDRY(QIN),Q(N~1),QRBD,A(N),A(N~1),QQIN),QQ(N~1),
[ RR{N)},RR{N=-1),S(N),S(N-1),H,EE,DELT,
[ RBNDRY ;RBOPRS , RBOPR ,RBODR ,RBOTR »J ,NEHQQIN ),
Cc NEHWRR(N),NEHS(N),G,G1,G2,HALT,BORY,SK)
END IF
ELSE
CALL EXTRAP(RR(N-1),RRIN-2),QQ(N-1),QQ(N-2),S(N-11),
[ S{N-2),H,H,RRA,QQA,SA,AA,GQA)
CALL SRFLCTIQQA,RRA,SA,SIGMA,VS,DELT,LWPRES,
c RRI(N),QQ(N)»S(N),Q{N),A(N),G,61,G2)
END IF
END IF
c
IF (SIGMA(1,2).LE.0.D0C) THEN
IF(LBNDRY.EQ.0) THEN
IF(SIGMA(1,2).NE.~-2.000) THEN
BORY = 3
SK=2
CALL BONDRY(Q(1),Q(2),QLBD,A(1),A(2),QQ(1),QQ(2),
c RR{1),RR12),S(1),S(2),H,EE,DELT,
Cc LEBNDRY ,LBOPRS,LBOPR,LBODR,LBOTR,J,NENGQ( 1),
C NEWRR(1),NEWS(1),G,G1,G2,HALT ,BORY,SK)
END IF
ELSE
CALL EXTRAP(RR(2),RR(3),QQ(2),QQ(3),S(2),
[ S(3),H,N,RRB,QG8B,5B,AB,G8 )
CALL SRFLCT(QGB,RRB,SB,SIGMA,VS,DELT,LKPRES,
[od RR({1),QQ(1),S(1),Q(1),A(1),6,61,G2}
END IF
END IF
T=T+DELT
c
C ===== OUTPUT DATA ==~-=
[
IF ((COUNT.EQ.PLTCNT»SKIP).AND.(GRAPHS.EQ.1))
c THEN
c IF((J.6GT.55)) THEN
CALL PLOT(J,JSTOP,N,QQ,RR,S;,H,XARRAY ,PARRAY,
CDARRAY ,GARRAY ,SARRAY »G,G1,G2)
c END IF
END IF
IF ((COUNT.EQ.PLTCNT*SKIP).AND.(GRAPHS.EQ.0))
c THEN
CALL LISTIN,SIGMA,QQ,RR,S,6,G1,62,J,T7,DELT,VS,QCS,VTEH,VHEN,
c XINIT,VHEAD,VTAIL,VCDE,VSE)
END IF
IF ((COUNT .EQ.PLTCNT*SKIP).AND.(GRAPHS.EQ.2))
c THEN
IF (J.GT.50) THEN
CALL EXACT(N,XINIT,T,VHEAD,VTAIL,VCDE,VSE,DLCD,DLSH,QQ,RR,S,H,
CXARRAY ,DARRAY ,G+G1,G2,0RI)
END IF
END IF .
c
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IF(MALT.£Q.1) GO TO 18

JaJel

COUNT=COUNT +1

60 Y0 16

18 CALL DONEPL

END
MIHHIHHHHHHHHEHEHHHEHEHHHEEHHEEEEHE
SHHHHHHEHHEHHHOHEHHOHHHEHEHOHHEHEHEEEE )
FHHHHHHEHEHEHHHEBHHEHHEHEHHOHHUBHHHHHHHHHEEHHHEE

o000

SUBROUTINE LIST(N,SIGMA,QQ,RR,S,6,61,62,J,T,DELT,VS,QCS,VTEN,
c VHEW,XINIT,VHEAD,VTAIL,VCDE,VSE)

P40 P24 0020404300 P R0 2000000004000 0000
+ *
+ TABULAR RESULTS SUBROUTINE +
+ +
YT R A R e S e L a L IS R R R L AR L

ceseccam--e VARIABLE DEFINITIONS

DENS - DENSITY
PRESS - PRESSURE
TEMP - TEMPERATURE

OO0 OOOONNO

INTEGER I,J,N»L

DIMENSION SIGMA(4,2),QQ(N),RR(NI,S(N)

DOUBLE PRECISION SIGMA,QQ,RR,S,PRESS,VTEN,VHEN,QCS,TERXE,
c TEMP,DENS,6,61,62,Q,7,DELT,VS,HENXE,
c XINIT,VHEADVTAIL ,VCDE ,VSE ,SKXE ,CSXE

WRITE(9,%) 'TIME LEVEL',J,"' ELAPSED TIME IS',T
WRITE(9,#) 'TIME STEP IS',DELT,’ SHOCK VELOCITY IS’,VS
WRITE(9,%) 'CONTACT SURFACE VELOCITY IS',QCS ‘
WRITE(9,#} 'HEAD EXPANSION WAVE VELOCITY IS',VHEW !
WRITE(9,%#) 'TAIL EXPANSION WAVE VELOCITY IS',VTEW |
NRITE(9,#) * '
WRITE(9,%) *  NODE VELOCITY DENSITY
CPRESSURE *
WRITE(9,%) ' °*
oG 61 I=1,N
TEMP3(QQ(I)-RRIT) INQQRIT)-RR(X))/(%.DOORSITInSIT))
DENS=((1.000/TEMP IRDEXP(GR( 1.000-G)%(SII)-G2)) )nel~G1}
PRESS=TEMP=DENS
Q2(QQ( I )+RRII))/2.0000
WRITE (9,65) I,Q,DENS,PRESS
68 FORMAT (4X,12,7%,F12.6,7X,F12.6,7%X,F12.6)
61 CONYINUE
WRITE(O,#) * °
WRITE(9,#) '
WRITE(9,#) '  NOOE -] RR \
CMODIFIED S' |
MRITE(9,®) * ¢ \
DO 62 Is1,N i
WRITE (9,66) I,QQ(I),RRII),SII)
66 FORMAT (4X,32,7%,F12.6,7X.F12.6,7%,F12.6)
62 CONTINUE
MRITE(9,n) ' °
MRITE(9,%) * °*
NRITE(9,») °* DISCONTINUITY LOCATIONS AT TIME LEVEL®',J

WRITE(9,»)
MRITE(9,»)
DO 63 L=21,4
WRITE(9,») L, 'HSIGMAIL,2)
63 CONTINUE
WRITE!9,m1 * °
U.QITU 9,0 ) 'ewcwrrcnccrcranrreccccnccconmcens e

Codoccvocmmcannan wteemaccesccceeseecccccmeemam=mnn= wmmmemeamae= .

TYPE LOCATION'

MRITE(9,») * °




OO0 (2]

(2]

OO0 OOOOONO

MRITE(9,#) ' °*

IF1J.£Q.1) THEN

MNRITE(10,») ° TIiME SHOCK CONTACT HEAD
C TAIL'

MRITEI(10,») * °*

END IF

WMRITE(10,67) T,SIGMA(1,1),SIGMA(2,1),SIGMA(S,]1),SICMA(S,])

67 FORMAT (1X,F12.6,1X,F12.6,1X,F12.6,1X,F12.6,1X,F12.6)
IF(J.EQ.1) THEN

NRITE(S8,») ' EXACT VALUES'

WRITE(8,») ' TIME SHOCK CONTACT HEAD
€ TAIL®

WRITE(8,») ' °

END IF

SKXEsXINIT+VSERT

CSXEsXINIT+VCOENT

HEWE sXINIT ¢ VHEAD®T

TEMXE =sXINIT+VTAIL®T

MRITE(8,681 T,SKXE,CSXE, HENXE , TENXE

68 FORMAT (1X,F12.6,1X,F12.6,1X,F12.6,1X,F12.6,1X,F12.6)
RETURN
END

SUBROUTINE TIME(N,QQ,RR,S,DELT,H)

HHMHHHHHHHHHHHEHHHHHHHHHHBHHHHHHHHHEHHHEHHHHHHE

" »
L) CALCULATE TIME STEP SUBROUTINE »
» »

FHHHHPHHHHEE A I HHHEHHEHEHE 3 -
------- -NEM VARIABLE DEFINITIONS =---=-=-c===
TMIN - RUNNING VALUE OF THE MINIMUM TIME STEP

INTEGER N,I

DIMENSION QQIN),RRIN),SIN)

DOUBLE PRECISION H,A,QQ,RR,S,DELT,TMIN,Q

TMIN=2.0000

00 21 I=1,N
As(QQ(I]-RR(I))/(2.D00%S(I))
Q=(QQ(TI)I+RR(T))/2.0000
DELT3H/(DABSIDABS(Q)+A))
IF (DELT.LT.TMIN] THEN
TMINZOELT
END IF

21 CONTINUE

DELT=0.99000%TMIN

RETURN

END

SUBROUTINE TRAK(N,SIGMA,H,QQ,RR,S,6,61,G2,DELT,I2,X2,N,AR,0Q,VS,
8J,LWPRES ,QCS ,VHEN, VTEN )

SHHHHHHHHHHEHHHHHHEHHHHHEHHHHHHHHEH HHHEHHHHH

» »
L OISCONTINUITY TRACKING SUBROUTINE »
" »

SIHTHHH S M-S THHEIHE SHE T TSI I S S0 I S5 3% 9%
eeeeeweace= VARIABLE DEFINITIONS -=-=-====o---

CSDIR - CONTACT SURFACE DIRECTION, 2 TO THE RIGHT,3 TO THE LEFT
CSAMN -~ RIEMANN VARIABLE CHANGE ACROSS A CONTACT SURFACE
OR = THE RATIO OF THE DENSITY ACROSS A
SHOCK , 3/A(RIGHT ),B8/A(LEFT)
OREMN - DUMMY VARIABLE
PR - THE RATIO OF THE PRESSURE ACROSS A
SHOCK, A/BIRIGHT),B/AILEFT)
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MREIMN - THE MEASURED JUMP IN QQ ACROSS THE SHOCK,
FROM A TO B.
EREIMN - THE JUMP IN QQ ACROSS THE SHOCK CALCULATED ANALYTICALLY
AS A FUNCTION OF M.
SAP - ENTROPY TO THE LEFT OF THE SHOCK FOR FLOWS RIGHT
OR ENTROPY TO THE RIGHT OF THE C.S. FOR FLOWS LEFT
S8P - ENTROPY TO THE RIGHT OF THE C.S. FOR FLOWS RIGHT
OR ENTROPY TO THE LEFT OF THE SHOCK FOR FLOWS LEFT
SHKDIR - SHOCK DIRECTION OF TRAVEL,3 YO THE LEFT,2 TO THE RIGHT
TS - TIME FOR SHOCK TO TRAVEL ONE INTERVAL
X - DISTANCE FROM LEFT BOUNDARY TO NCDE

OO0 HOOOOOOOD

INTEGER N,I,Y,I2,L,J»SHKDIR,CSDIR,LWPRES

DIMENSION SIGMA{%,21,X2(4),RRIN),QQINI,SINI,I2(4)

DOUBLE PRECISION SIGMA,X2,X»H;AB.+SA,SB,AA,QA»QB,QQA,QQB,RRA,RRB,
[ RR,QQ,5,TS,H,DQ,4AR,PR,6,61,6G2,VS,DELT ,CSRMN,
c Q,>MREIMN,DREMN,EREIMN,HH,SA1,5A2,SAP,S8P
Cc AN, QW , VHEW, VTEH, TIME ,QCS

4444440+ LOCATING THE UPSTREAM NODE ¢+etdteesée

o000

DO 10 L=1,4
SIGMA(L,1)2SIGMA(L,2)
Y=0
X=0.000
Is1
11 IF {.NOT.(Y.EQ.0)) GOTO 10
IF (SIGMAIL,1).LT.X) THEN
X2(L =X
12(L )=
Y=1
END IF
XzX+H
I=I+}
GOTO 11
10 CONTINUE

===== IF SHOCK HAS LEFT AN OPEN BOUNDARY OUT OF THE TUBE THEN SET ----
===== SHOCK TO NEUTRAL ~==~--

o000

IF (I2(1).GT.N) THEN
SIGMA(1,1) = 2.000
SIGMA(L1,2) = 3.000

W = 1.000

Vs = 1.000
0G = ¢.DCO
AR = 0.000
PR = 1.000
DR = 1.000
GO TO 150

ELSE IF(I211).LT.2) THEN
SIGMA(1,1) =-1.D00
SIGMA(1,2) =-2.D00
W = 1.000
VS =-1.000
0Q = 0.000
AR = 0.000
PR = 1.000
DR = 1.D000
GO TO 150

END IF

444440444404+ DETERMINING SHOCK SPEED ++4444es

IFI(J.EQ.1).0R. (T2(1).EQ.2).0R.(TI2(1).EQ.N}} THEN

~===-AT TIME ZERO OR BOUNDARYS DETERMINE CORRECT SHOCK DIRECTION-~---
----- SHKDIR = 3 IS A SHOCK HEADED LEFT, AND SHKDIR = 2 IS SHOCK~--~--
----- TRAVELING RIGHT-----

(g XNy Nel o000
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IF(LKPRES.EQ.3) THEN
SHKOIR = 3
IF (J.EQ.1) THEN
X2(1) = X211)
12(1) s I2(1)
X2(2) = X212)
I2(2) = I2(2)

Lo Ak

END IF

60 TO 20
ELSE

SHKDIR = 2
END IF
GO TO 20

~e===IF SHOCK AND CONTACT SURFACE ARE NOT WITHIN THE SAME~----
~=<=-INTERVAL THEN NO CORRECTIONS ARE NEEDED IN CALCULATING---=--
=~===THE REIMAN VARIABLE JUMP ACROSS THE SHOCK~-----

OO0 0

ELSE IF (I2(1).NE.I2(2)) THEN
IF((SHKDIR.EQ.3).AND.(SIGMA(1,1).EQ.(X2(1)-H))) THEN
X2(1) = X2(1) - H
I201) = I2(1) =}
END IF
GO TO 20

e====IF SHOCK AND CONTACT SURFACE ARE WITHIN THE SAME INTERVAL-=---
~===-THEN CORRECTIONS ARE REQUIRED TO DETERMINE SHOCK STRENGTH=-----

ELSE IF(SHKDIR.EQ.3) THEN

=====SHOCK LOCATION RELATIVE TO THE CONTACT SURFACE FOR A SHOCK=~==--
~===-HEADED TO THE LEFT DETERMINES THE CORRECT VALUES FOR W AND VS--

OO0 0000

IF(SIGMA(1,1).GT.SIGMA(2Z2,1])) THEN
GC TO 111
ELSE IFISIGMA(1,1).EQ.IX2(1)-H)} THEN

X2(1) = X2(1) - H
I2(1) = T2(1) - 1
X2(2) = X2(2) - H
1212) = T2(2) - 1
ENO IF
15 RRA=RR{I2(1)~1)

RRB=RR{IZ2(1))
QRA=QQ(T2(11-1)
Q@EB=QQ(I2(1))
SA=S(I2(1)-1)

QA =(QQRA+RRA}/2.D00

QB =(QQB+RRB1/2.000

AA =(QRA-RRA)/12,000%SA)

DQ =(QB-~QA)/AA

N = DSQRTI(DQ*»2)%{0.36000)+1. DOO) - (DQ*0.6D00)
0Q =(-1.000)%DQ

GO TO 110

-====FOR SHOCK HEADED RIGHT THE SAME PROCEDURE FOR CORRECTIONS ARE---
~===-FOLLOWED=~--~

o000

ELSE IF(SIGMA(1,1).LT.SIGMA(2,1)) THEN
G0 TO 111

ELSE

17 RRA=RR(I2(1)-1)

RRB=RR(T2(1))
QQA=QRIT2(11-1)
QQRB=QQ( I2(1 )}
SB=s(I2(1M)
QA =(QGA+RRA)/2.D00
QB =(QQB+RRB)/2.000
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AB =(QQB-RRB)/(2.D000%SB)
DQ =(QA-QGB)/AB
N = DSQRT( (DQM%2)%(0.360001)+1.D00) + (DG*0.6000)
GO TO 110
END IF

w===<NITH NO SHOCK/CONTACT SURFACE INTERACTION THE JUMP IN REIMAN-----
~<==-VARIABLES ARE DETERMINED WITHOUT INTERPOLATION OVER THE ===== .
~===-INTERVAL. MREIMN IS THE MEASURED JUMP. EREIMN IS THE ANALYTICAL--
cee=-VALUE-===~-

ONOOO0

20 RRA=RR(I2(1)-1)
RRB=RR(I2(11})
QQRA=QQ( I2(1)-1)
QQ8=QQ(I2(1))
SAzS(I2(1)-1)
SBaS(12(1))
21 AB=(QQB-RRB)/(2.D00%SB)
AAZ(QGA-RRA}/12.D0O0XSA)
IF(SHKDIR.EQ.3) THEN
MREIMN = (RRB-RRA)/ZAA
DREMN = DABS(MREIMN)
ELSE
MREIMN = (QQA-QQGB )/AB
DREMN = MREIMN
END IF
c
C ---=-ITERATE FOR PROPER VALUE OF W USING THE QUADRATIC FIT OF THE-=----
€ --=---REIMAN VARIABLE CHANGE WITH W CURVE. NOTE LEFT MOVING SHOCKS----~
C -«==-ARE USED IN THESE EQUATIONS SINCE RRB-RRA/AA=-(QRA-QQRB/AB)=---=
c
100 MWW= (3.0396408D01~( (DREMN+2.7574D00)/0.286337D00))
W=5.513294000-DSQRT (W )
DQ=2.000%*(WXW-1.D00)/(W*(G+1.D00))
AR®DSQRT(2.000%{G-1.000)%(1.000+((G~1.000 )*nxi/2.000 ) )%
c (GHG2¥H¥W-1.D001)/((G+1.D00 )%KW )
PR=(2.D00%G/1G+1.D00) )xW¥N-{{G~-1.D001/(G+1.000))
DR={ (G~-1.000 )xWxW+2.D00 }/L (G+1.D00 )i }
EREIMN=0Q+(AR-1.D00 1%G2-( ARXG1/G I*DLOGI PR%( DR%%G ) )
IF {DABS{EREIMN-DABS(MREIMN)).LT.0.1D-5) GO TO 110
DREMN = (DABS(MREIMN) - EREIMN} + DREMN

GOTO 100
c
C -=-=--SHOCK VELOCITY DEPENDS ON DIRECTION SHOCK IS TRAVELING ~----
C ====- LEFT IS < 0y, AND RIGHT IS > Q ====-
c

110 IF (J.EQ.1) THEN
TIME = 0.000
SA1l 3 (G1/G)*0LOGI{2.D00XGH( Wxx2)-G+1.000)/(G+1.000)}
SAZ = GI#DLOG(((G-1.D0OO0 )% Wx%2)+2)/((G+1.000 In(MW*%2)))
IF(SHKDIR.EQ.2) THEN
SAP = SB - SAl - SA2
SBP = SAP
ELSE
SBP = SA - SAl - SA2
SAP = SBP
END IF
103 IF(SHXDIR.EQ.2) THEN
CSRMN ={ (DEXP( (SBP-SA)/G2) )% (SA)-(SBP) )nAR
ELSE
CSRMN =( (DEXP((SAP-SB)/G2))%(SB)-(SAP ) }*AR
END IF
IF(SHKDIR.EQ.3) THEN
MREIMN =({RRB-RRA)I/AA)+CSRMN
DREMN = DABSIMREIMN)
ELSE
MREIMN =((QQA-QQGB )/AB )-CSRMN
DREMN = MREIMN
END IF
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101 Mi=(3.0396408001-( ({DREMN+2,7574D00)/0.286337000))

H=5.513294D00-0SQRT {WN)

DQ=2.000%1 NN-=-1.D00 )/ W®(G+1.000))
AR=zDSQRT(2.000#(G-1.000)%(1.000+((G-1.D00 )e/2.D00) )

c (GHG2upni-1.000))/((6+1.D00 )*N)
PR=(2.000%G/(G+1.000) )uhnH~(16-1.000)/1G+1.D000))

DR=((G-1.D00 )u¥ini+2.000)/(1 (G+1.D00 )ihnn ) S
EREIMN=0Q+( AR-1.D00 )*G2-( AR®G1/G )*DLOG( PR®*( DR*XG ) l -----

IF (DABS(EREIMN~DABS(MREIMN)).LT.0.10-5) GO TO 102 .---

DREMN = (DABS(MREIMN) - EREIMN) ¢ DREMN -
6070 101
102 SAl = 1G1/G)»DLOGI | 2.DOOXGH{ W2 )~G+1.D00)/(G+1.000))
SAZ 3 GI*OLOG( (({G-1.000 1% W*%2)+2)/1(G+1.D00 %t Hx%2)))
IF(SHKDIR.EQ.2) THEN
SAP = 5B - SAl - SA2
ELSE
SBP = SA - SAl - SA2
END IF
IF (DABSISAP-SBP).LT.0.10-5) GO TO 105
IF(SHKDIR.EQ.2) THEN
SBP = {SAP-SBP) + SBP
ELSE
SAP = (SBP-SAP) ¢+ SAP
END IF
60 T0 103
END IF
105 IF(SHKDIR.EQ.3) THEN
0Q = (~-1.000)1%0Q
VS = ((RRA+QQA)%0.5D00) ~ (WxAA)
ELSE
VS=(QQB+RRB 1%0 . 5000 +WAB
END IF
TS2H/0ABSIVS)
111 IF (TS.LT.DELT) THEN
DELT=0.99000#TS
END IF
SIGMA(1,2)sVS*DELT+SIGMA(1,1)

+444++DETERMINE CONTACT SURFACE SPEEDees+sse+e

IF(J.EQ.1) THEN
CSDIR = SHKDIR
END IF

~==== CONTACT SURFACE TRAVELING RIGHT -==--
150 IFICSDIR.EQ.2) THEN

=====CONTACT SURFACE MOVING RIGHT, CHECX FOR SHOCK IN INTERVAL-----
~===-AND CALCULATE SPEED OF CONTACT SURFACE AS APPROPRIATE-----

IF(J.EQ.1) THEN
Q8 =(QGAB+RRB)/2.000
QA = DQ*AB + QB
CALL SKJUMP(AB,QB,SB,AR,DQ,VS,G,G1,H,AA,QA,SA)
Q= QA
GO0 TO 200
END IF
IF(X202).EQ.X211)) THEN
IF(SIGMA(2,1).LE.SIGMA(L1,1)) THEN
Q= (QQIJ212)-1) ¢ RR(I2(2)-1)) / 2.D0OO

ELSE
Q =(QQ(I212)) + RR(I2(2))) / 2.D00
END IF
ELSE
QA 3 1QQII212)=1) + RRITI2(2)-11) / 2.000
QB = (QQII212)) ¢ RRII2(2)}) 7 2.D0OO
Q= (QA + @B8)/2.000
END IF
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ELSE IF(CSOIR.EQ.3) THEN
c
C ===~= CONTACT SURFACE TRAVELING LEFT =e=--
c
IF(J.EQ.1) THEN
QA =(QQA+RRA)/2.000
QB = DGuAA + QA
CALL SKJUMPLAA,QA,SA,AR,DQ,VS,G,G1,H,AB,G8,58)
Q=Q8
60 TO 200
END IF
IF(X2(2).EQ.X211)) THEN
IF(SIGMA(2,1).GE.SIGMA(1,1)) THEN
Q 3 (QRII2(2)) +« RR(I2(2)}) /7 2.000
ELSE
Q % (QQ(I2(2)-1) + RR(TI2(2)-1)) / 2.000
END IF
ELSE IF(SIGMA(2,1).EQ.(X2(2}-H)) THEN
X212) = X2(2) - H
12(2) = T2¢(2) - 1
Q = (QA(I2(2))+RRIT2(2)]) 7 2.D0O
ELSE
QA = (QQ(I2(2)-1) + RR(I2(2)-1)) /7 2.000
QB = (QQ(I2(2)) + RR(I2(2))) 7 2.D00
Q = (QA + Q8)/2.D00
END IF
END IF
200 SIGMA(2,2) = DELT ®* Q + SIGMA(2,1)
QCS=Q
c
C ===== CALCULATE EXPANSION WAVE SPEED -~=~--
c
TIME = TIME<OELT
IF(J.EQ.3] THEN
AW={QQ( (N+1)/2)~RRU(N+1)/2))/12.D00%S({N+1)/2))
MN=q
IF((CSOIR).EQ.2) THEN
VHEK=-( ANW)
VTEW= QH-ANW
ELSE
VHEWz AN
VTEWN= GH+AN
END IF
END IF
IF(J.EQ.3) THEN
SIGMA(3,2) = SIGMA(3,1) ¢ VHEWRTIME
SIGMA(4,2) = SIGMA(4,1) ¢ VTEWXTIME
ELSE IF((CSOIR.EQ.2).AND.(SIGMA(3,1).GT.0.D00)) THEN
SIGMA(3,2) s SIGMA(3,1) + VHEWRXDELT
SIGMA(4,2) = SIGMA(G,1) » VTEWRDELT
ELSE IFt(CSDIR.EQ.3).AND.(SIGMA(3,1).G7.1.000)) THEN
SIGMA(3,2) = SIGMA(3,1) + VHEW*DELT
SIGMA(%,2) = SIGMA(G,1) + VTEWNDELT
END IF
RETURN
END

SUBROUTINE SWEEP(N,H,SIGMA,QQ,RR,S,DELT,EE,Q,A ,NENOQ,NENRR ,NENS,
€12,62,J,LNODE ,RNODE ,HALT , LBNDRY , LBOPRS , LBOPR,LBOTR,LBOOR,QLBO,G
CG1,RBNORY ,RBOPRS ,RBOPR ,RBOTR,RBODR,QRBO ,BDRY ,SK)

I DI IS0 30030530 10 360636 36 16 J-0-0 1030 500630 30 36 30 3030 3000 198 38 36 36 J-0 30 9630 38 3098 3¢
» »
»" SPACE SHWEEPING SUBROUTINE "
" *
SRR 00 3600 036 36 300 36 00365036150 S-00-38.30 301 350 26306 363056 3 308 1008 36 90

SO VARIABLE DEFINITIONS --------==-=
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AAVG = AVERAGE SPEED OF SOUND
CNTACT -~ 3 DIGIYT VARIABLE DENOTING CONTACT SURFACE
LOCATION,DIRECTION OF TRAVEL, ANO IF IT CROSSES A NODE

OELQQN - CHANGE IN QQ FROM I TO I+l
DELQQL -~ CHANGE IN QQ FROM I-1 TO I
DELRRH -~ CHANGE IN RR FROM I TO I+l
OELRRL - CHANGE IN RR FROM I-1 TO I
DELSH =~ CHANGE IN S FROM I TO I+l
DELSL =~ CHANGE IN S FROM I-1 TO I
DELAH =~ CHANGE IN A FROM I TO I+l
DELAL <~ CHANGE IN A FROM I-1 TO I
DELQH =~ CHANGE IN Q FROM I TP I+l
DELQL -~ CHANGE IN Q FROM I-1 TO I
DELX - INTERPOLATION DISTANCE (LMD*QELT)
DLTAM® - PREFIX WHICH INDICATES THE SPATIAL

CHANGE IN »#* FOR ONE TIME STEP.
INTEG(K )- RESULT OF INTEGRATING Z(K)
#eINT = VALUE OF a»% INTERPOLATED BETWEEN NODES
ON THE CURRENT TIME LEVEL.
LXX - NODE OEFINING THE LEFT INTERVAL
#PRIMIK )= SUFFIX WHICH INDICATES THE SPATIAL
DERIVITIVE OF % AT THE CURRENT TIME LEVEL.
RXX = NODE DEFINING THE RIGHT INTERVAL
SAVG - AVERAGE ENTROPY
SHOCK - 3 DIGIT VARIABLE DENOTING SHOCK
LOCATION,DIRECTION OF TRAVEL, AND IF IT CROSSES A NODE
#uSTEP - THE CHANGE IN TIME OF #% AT A NODE
USED TO STEP UP TO THE NEXT TIME LEVEL
X = LOCATION IN SPACIAL PLANE {I-1)%H
Z(K) = RIGHT SIDE OF THE K‘'TH EQUATION.

L NG e K R K N K e N e N N N N N Ny Mo Nyl

INTEGER I,RXX,LXX,SHOCK,CNTACT,12,J,LNODE,RNODE,HALT,
N, LBNORY , LBOPRS , RBNORY ,RBDPRS , SK ,BORY
DIMENSION SIGMA(4,2),SINV,Q(N),A(N),I2(4),QINT(3),AINT(3},2(3],
NEWGQUN ) ,NEWRR(EH) ,NEHSIN ), INTEG(3 1 ,APRIM( 3 ) ,QPRIM( 3},
LNODE (% ) ,RNODE (4 ),AAVG( 3 1,RRIN],QQIN!

DOUBLE PRECISION AAVG,SAVG,G2,X,H,SIGMA,GQ,RR,S5,Q,4,6,61, :
DELQQH,DELQQL ,DELRRH,DELRRL ,DELSH,DELSL, ‘\
DELAM,DELAL,DELQH,DELQL,DELT, 3
QINT,AINT ,QQINT,RRINT,SINT,EE,

NEWQQ ,NEWRR ,NEWS , LBDOPR,LBOTR,LBODR,QLBD, i
RRSTEP,SSTEP,INTEG,Z,0LTAGR,QQSTEP, |
OLTARR,DOLTAS ,APRIM,QPRINM, !
RBOPR,RBOTR,RBDOR,QRBD i

OoONDOOOOO OO0 O

COMMON AR,0Q,VS,H

c
C ===== COMPUTE VELOCITY AND SPEED OF SOUND AT EACH NODE =-----
c
DO 10 I= 1.N
Q(I) = (QQ(I) + RR(I)) ~ 2.0000
A(I) = ((QQ(I}) - RR(I)) /12.0000 #* S(I))})
10 CONTINUE
c
C ===e- AT, VANCE LEFT BOUNDARY TO NEWN TIME STEP =====~
c
BORY = 3
IF(1211).€Q.2) THEN
SK =1 .
ELSE IF(SIGMA(1,2).EQ.-2.D00) THEN
SK = 3
ELSE
SK =0
END IF
CALL BONDRY(Q(1),Q(2),QLBD,A(1),A(2),QQ(1),QQ(2),RR{1),RR(2),
c S(11,S12),H,EE,DELT,LBNORY,LBOPRS,LBOPR.LBODR,LBDTR,
c JHNEWQQ(1),NENRR{ 1),NEWS(1),G+51,G2,HALT,BORY,SK}
c
C «==== AT EACH NODE FROM 2 TO N-1 DETERMINE THE BEST ALGORITHM TO USE--

C ===== TO ADVANCE THAT NODE TO THE NEXT TIME STEP -----
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!
1y c
1=2
L 11 IF({I.EQ.N) GO TO 1200
e XsFLOAT(I-1)%H
¥ DELGGH = QQ(I+l) -~ QQIIX)
DELQQL = QQII) ~ QQ(I-1)
. DELRRH = RR{I+1) = RR(I)
‘o : DELRRL = RR(I) = RR(I-1)
W DELSH = S(I+1) - S(I)
R DELSL = S(I) - S(I-1)
: DELAH = A(I+1) - A(I)
el DELAL = A(I) - AII-1)
e DELGH = R(I+1) - Q(T)
DELGL = Q(I) - Q(I-1)
n c
:;: € =---- DEFINE LEFT SECTOR AND RIGHT SECTOR WRT NODE EXAMINED--~--
Y [
S, RX =X +1
::k LXK = T
by [
C === TEST FOR SHOCK ======
c
i IF (I2(1).EQ.RXX) THEN
' SHOCK = 200
t GO TO 20
' ELSE IF (I2(1).EQ.LXX) THEN
:'g' SHOCK = 300
K 60 TO 20
: ELSE
M SHOCK = 100
& END IF
‘o GO TO 30
alky [of
‘;j C =~--- DETERMINE DIRECTION SHOCK IS TRAVELING ===--
‘€ C
R 20 IF (SIGMA(1,1).LT.SIGMA(L,2)) THEN ]
SHOCK = SHOCK + 20 :
) ELSE
2‘. SHOCK = SHOCK + 30
O END IF
P c
L g e==== DETERMINE IF SHOCK CROSSES A NODE IN THIS TIME INTERVAL ===-=
A
o IF (SHOCK.EQ.220) THEN
‘ IF (SIGMA(1,2).GE.(X+H)) THEN
M R SHOCK 2 SHOCK + 1
ELSE
W) SHOCK = SHOCK ¢ 2
) END TF
K¥) ELSE IF (SHOCK.EQ.230) THEN
o IF €SIGMA(1,2).LE.X) THEN
. SHOCK ® SHOCK + 1
ELSE
", SHOCK = SHOCK + 2
. END IF
. ELSE IF (SHOCK.EQ.320) THEN
o IF (SIGMA(1,2).GE.X) THEN
" SHOCK = SHOCK + 1
K& ELSE
: SHOCK = SHOCK + 2
- END IF
¢ ELSE IF (SHOCK.EQ.330) THEN /
3 IF (SIGMA(1,2).LE.(X-H)) THEN
Y SHOCK = SHOCK + 1
- ELSE
; SHOCK = SHOCK + 2
{, END IF
END IF
A"
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C ===== TEST FOR CONTACT SURFACE -=-==

c
30 IF (I2(2).EQ.RXX) THEN
CNTACT = 200
G0 TO 40
ELSE IF (I20(2).EQ.LXX) THEN
CNTACT = 300
60 TO 40
ELSE
CNTACT = 100
END IF
G0 TO 50
c
C -=---DETERMINE DIRECTION CONTACT SURFACE IS TRAVELING ===--
c
40 IF (SIGMA(2,1).LT.SIGMA(2,2)) THEN
CNTACT = CNTACT + 20
ELSE
CNTACT s CNTACT ¢ 30
END IF
1~

C ----- DETERMINE IF CONTACT SURFACE CROSSES A NODE DURING THIS TIME ---
€ --=== INTERVAL ====-

c
IF (CNTACT.EQ.220) THEN
IF (SIGMA12,2).GE.(X+H)) THEN
CNTACT = CNTACT ¢ 1
ELSE
CNTACT = CNTACT + 2
END IF
ELSE IF (CNTACT.EQ.230) THEN
IF (SIGMA(2,2).LE.X) THEN
CNTACT = CNTACT ¢ 1
ELSE
CNTACT = CNTACT + 2
END IF
ELSE IF (CNTACT.EQ.320) THEN
IF (SIGMA(2,2).GE.X) THEN
CNTACT 3 CNTACT + 1
ELSE
CNTACT = CNTACT + 2
END IF
ELSE IF (CNTACT.EQ.330) THEN
IF (SIGMA€2,2).LE.(X-H)) THEN
CNTACT = CNTACT + 1
ELSE
CNTACT = CNTACT + 2
END IF
END IF
c
C --=CHECK IF EITHER A SHOCK OR CONTACT SURFACE WITHIN H OF THIS NODE---
C ---DETERMINE PROPER ALGORITHM TO USE FOR CALCULATING EXTENDED REIMAN--
C ~--VARIABLE CHANGE ALONG CHARACTERISTICS AT THIS NODE-=-~-
c
50 IF (SHOCK.EQ.100.0R.CNTACT.EQ.100) THEN
c
C =--~NEITHER A SHOCK NOR A CONTACT SURFACE EXIST NEAR NODE---
c
IF (SHOCK.EQ.100.AND.CNTACY.EQ.100) THEN
c
C --~TEST FOR SUBSONIC OR SUPERSONIC FLOW---
c

IF (DABS(QII)).LT.A(I)) THEN
IF(I.EQ.(I2(1)-2)) THEN
IF(J.EQ.1) THEN
IF(SIGMA(1,1).LE.SIGMA{1,2)) THEN
GO TO 200
END IF
END IF
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END IF
IF(I.EQ.(I2(1)+1)) THEN
IF(J.EQ.1) THEN
IF(SIGMA(]1,1).GE.SIGMA(1,2)) THEN
G0 TO 300
END IF
END IF
END IF
G0 TO 100

ELSE
IF (SIGMA(2,1).LE.SIGMA(2,2)) THEN
GO TO 200
ELSE
G0 TO 300
END IF
END IF

END IF

-==SHOCK OR CONTACT SURFACE ON LEFT, HEADED RIGHT, NO NODES CROSSED--

(e Ne Nyl

IF (SHOCK.EQ.322.0R.CNTACT.EQ.322) THEN
IF (DABS(QUI)N).LT.A(I)) THEN
GO TO 300
ELSE
GO TO 500
END IF
END IF

===SHOCK OR CONTACT SURFACE ON LEFT, HEADED LEFT, NO NODES CROSSED--

oo

IF (SHOCK.EQ.332.0R.CNTACT.EQ.332) THEN
G0 TO 300
END IF

-==SHOCK OR CONTACT SURFACE ON LEFT, HEADED RIGHT, NODE IS CROSSED---

o000

IF (SHOCX.EQ.321.0R.CNTACT.EQ.321) THEN
GO TO 400
END IF

===SHOCK OR CONTACT SURFACE ON LEFT, HEAODED LEFT, NODE IS CROSSED---

o000

IF (SHOCK.EQ.331.0R.CNTACT.EQ.331) THEN
GO TO 300
ENO IF

==~SHOCK OR CONTACT SURFACE ON RIGHT, HEADED RIGHT, NO NOOES CROSSED--

[ Na Nyl

IF (SHOCK.EQ.222.0R.CNTACT.EQ.222) THEN
GO TO 200
END IF

===SHOCK OR CONTACT SURFACE ON RIGHT, HEADED LEFT, NO NODES CROSSED-~-

000

IF (SHOCK.EQ.232.0R.CNTACT.EQ.232) THEN
IF (DABS(Q(I)).LT.A(XI)) THEN
GO TO 200
ELSE
GO TO 500
END IF
END IF

===SHOCK OR CONTACT SURFACE ON RIGHT, HEADED RIGHT, NODE CROSSED-~--

(s Ne Mgl

IF {SHOCK.EQ.221.0R.CNTACT.EQ.221) THEN
GO TO 200
END IF

C -=-SHOCK OR CONTACT SURFACE ON RIGHT, HEADED LEFT, JUMPS NODE---
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G0 TO 400
ENO IF
[
C -~-BRANCH HERE IF SHOCK TO RIGHT OF CONTACT SURFACE-----
C -~-~DETERMINE PROPER ALGORITHM TO USE FOR CALCULATING EXTENDED REIHAN--
C ===VARIABLE CHANGE ALONG CHARACTERISTICS AT THIS NODE-----
c
IF (SIGMA(1,1).GT.SIGMA(2,1)] THEN
c
C =---SHOCK ON LEFT, HEADED RIGHT, NO NODE JUMPED---
c
IF (SHOCK.EQ.322) THEN
IF (CNTACT.EQ.322) THEN
IF (DABSIQ(I)).LT.A(I)) THEN
GO TO 300
ELSE
GO TO 500
END IF
ELSE IF (CNTACT.EQ.332) THEN
60 TO 800
ELSE IF (CNTACT.EQ.331) THEN
60 TO 800
ELSE
GO TO 900
END IF
END IF
c
C -=-=-SHOCK ON LEFT, HEADED LEFT, NO NODE JUMPED---
c
IF (SHOCK.EQ.332) THEN
IF (CNTACT.EQ.322) THEN
GO TO 300
ELSE IF (CNTACT.EQ.332) THEN
GO0 TO 000
ELSE IF (CNTACT.EQ. 331) THEN
GO TO 600
ELSE IF (CNTACT.EQ.321) THEN
GO TO 700
ELSE
GO TO 900
END IF
END IF
c
C ---SHOCK ON LEFY, HEADED RIGHT, JUMPS NODE---
c
IF {SHOCK.EQ.321) THEN
IF (CNTACT.EQ.322.0R.CNTACT.EQ.321) THEN
GO TO <00
ELSE IF (CNTACT.EQ.332.0R.CNTACT.EQ.331) THEN
GO TO 800
ELSE
G0 TO 900
END IF
ENO IF
c
C -=-SHOCK ON LEFT, HEADED LEFT, JUMPS NODE---
c
IF (SHOCK.EQ.331) THEN
IF (CNTACT.EQ.322.0R.CNTACT.EQ.321) THEN
GO TO 700
ELSE IF (CNTACT.EQ.332.0R.CNTACT.EQ.331) THEN
GO TO 600
ELSE
GO TO 900
END IF
END IF
c

€ ---SHOCK ON RIGHT, HEADED RIGHT, NO NODE JUMPED---
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IF (SHOCK.EQ.222) THEN
IF (CNTACT.EQ.222) THEN
GO TO 200
ELSE IF (CNTACT.EQ.232.0R.CNTACT.EQ.231) THEN
GO TO 800
ELSE IF (CNTACT.EQ.321.0R.CNTACT.EQ.322) THEN
60 TO 400
ELSE IF (CNTACT.EQ.332.0R.CNTACT.EQ.331) THEN
GO TO 800
ELSE
60 TO 900
END IF
END IF
c
C ---SHOCK ON RIGHT, HEADED LEFT, NO NODE JUMPED~---
c
IF (SHOCK.EQ.232) THEN
IF (CNTACT.EQ.222) THEN
IF (SIGMA(1,2).LT,SIGMA(2,2)) THEN
GO TO 700
ELSE
G0 TO 200
END IF
ELSE IF (CNTACT.EQ.231.0R.CNTACT.EQ.232) THEN
GO TO 600
ELSE IF (CNTACT.EQ.221) THEN
60 T0 700
ELSE IF (CNTACT.EQ.322) THEN
GO TQ «00
ELSE IF (CNTACT.EQ.332.0R.CNTACT.EQ.331) THEN
G0 TO 600
ELSE IF (SIGMA(1,2).LT.SIGMA(2,2)) THEN
GO TO 710
ELSE
GO TO 400
END IF
END IF
c
C =--SHOCK ON RIGHT, HEADED RIGHT, JUMPS NODE---
c
IF (SHOCK.EQ.221) THEN
IF (CNTACT.EQ.221.0R.CNTACT.EQ.222) THEN
GO TO 200
ELSE IF (CNTACT.EQ.231.0R.CNTACT.EQ.232) THEN
G0 TO 3800
ELSE IF (CNTACT.EQ.321.0R.CNTACT.EQ.322) THEN
GO TO 400
ELSE
GO TO ado
END IF
END IF
c
C ---SHOCK ON RIGHT, HEADED LEFT, JUMPS NODE---
c
IF (CNTACT.EQ.221.0R.CNTACT.EQ.222) THEN
GO TO 700
ELSE IF (CNTACT.EQ.231.0R.CNTACT.EQ.232) THEN
GO TO 600
ELSE IF (CNTACT.EQ.322) THEN
IF (SIGMA(1,2).LT.SIGMA(2,2)) THEN
GO 70 710
ELSE
GO T0 400
END TIF
ELSE IF (CNTACT.EQ.321) THEN
GO 10 710
ELSE IF (DABSIQ(I)).LT.A(I)) THEN
GO TO 600
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ELSE
60 TO 800
END IF

~=-BRANCH HERE IF SHOCK IS TO LEFT OF CONTACT SURFACE----
-=-=DETERMINE PROPER ALGORITHM TO USE FOR CALCULATING EXTENDED REIMAN--
===VARIABLE CHANGE ALONG CHARACTERISTICS AT THIS NOOE-----

ELSE IF (SIGMA(1,1).LT.SIGMA(2,1)) THEN

==~SHOCK ON LEFT, HEADED RIGHT, NO NOOE CROSSED---~

000 00000

IF (SHOCK.EQ.3221 THEN
IFICNTACT.EQ.322.0R.CNTACT.£Q.321) THEN
GO TO 00
ELSE IF (CNTACT.EQ.332) THEN
IF (SIGMA(1,2).GT . SIGMA(2,2)) THEN
GO TO 700
ELSE
60 T0 300
END IF
ELSE IF (CNTACT.EQ.331) THEN
G0 TO 700
ELSE IF (CNTACT.EQ.222.0R.CNTACT.EQ.221) THEN
G0 TO 600
ELSE IF (CNTACT.EQ.232) THEN
GO TO <00
ELSE IF (SIGMA(1,2).GT.SIGMA(Z,2)) THEN
GO0 TO 710
ELSE
60 TO 400
ENO IF
END IF
c
C ---SHOCK ON LEFT, HEADED LEFT, NO NODE CROSSED---
c
IF ISHOCX.£Q.332) THEN
IF (CNTACT.EQ.322) THEN
GO 7O 800
ELSE IF (CNTACT.EQ.332) THEN
GO TO 300
ELSE IF (CNTACT.EQ.321) THEN
GO 7O 800
ELSE IF (CNTACT.£Q.222.0R.CNTACT.EQ.221) THEN
GO TO 300
ELSE IF (CNTACT.EQ.231.0R.CNTACT.EQ.2321 THEN
GO TO 400
ELSE
GO TO %00
END IF
END IF
c
C ---SHOCK ON LEFT, HEADED RIGHT, JUMPS NQDE---
c
IF (SHOCK.EQ.321) THEN
IF (CNTACT.EQ.322.0R.CNTACT.EQ.321) THEN
GO TO 600
ELSE IF (CNTACT.EQ.332.0R.CNTACT.EQ.331) THEN
G0 70 710
ELSE IF (CNTACT.EQ.222.0R.CNTACT.EQ.221) THEN
GO T0 600
ELSE IF (CNTACT.EQ.231) THEN
GO TO 710
ELSE IF (SIGMA(1,2).GT.SIGMA{2,21) THEN
GO T0 710
ELSE
GO TO 400
END IF
END IF
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c
C --=SHOCKX ON LEFT, NEADED LEFT, ANPS NODE---
c
IF (SHOCK.EQ.331) THEN
IF (CNTACT.EQ.322.0R.CNTACT.€Q.321) THEN
60 TO 800
ELSE IF (CNTACT.EQ.33)1.0R.CNTACT.ERQ.332) THEN
60 T0 300
ELSE IF (CNTACY.EQ.221.0R.CNTACT.EQ.222) THEN
S0 T0 800
ELSE
G0 TO «00
END IF
END IF
c
C ~--SMOCK ON RIGHT, NEADED RIGMT, NO NOOE CROSSED---
c
IF (SHOCK.£Q.222) THEN
IF (CNTACT .EQ.222.0R.CNTACT.EQ.221) THEN
G0 TO +00
ELSE IF (CNTACT £Q.231) THEN
SG 70 710
ELSE IF (CNTACT £Q.2321 THMEN
IF (SI@MAI]1,2).6T . SIGMAI2,2)) THEM
o0 Y0 700
ELSE
90 T0 200
IND IP
ELSE
G0 TO %00
END IF
END IF
¢
C ---SMOCK QM RIGHT, MEADED LEFT. NO NODES CROSSED---
c
IF (SHOCK .£Q.232) THEN
IF (CNTACT EQ.222.0R.CNTACT EQ.2211 THEN
@0 TQ 600
ELSE IF (CNTACTY £9.232) THEN
IF (DABSIQIT I LT ACT)) THEN
G0 TO 200
€LSE
0 TO %00
END IF
ELSE
G0 7O %00
END IF
tND IF
c
C ---SMOCK ON RIGHT, MEADED RIGHT, ASPS NOOE---
c
IF ¢SHOCK .EQ.221) THEM
IF 1CNTACT Q. 221 . OR.CNTACT EQ.222) THEN
GO T0 +00
ELSE IF 1CNTACT EQ.231) THEN
@0 10 710
ELSE IF ICNTACT £Q.232) THEN
@0 10 700
ELSE
Q0 T0 %00
END IF
tND 1P
[
C -~-SHMOCK ON RIGHT, HEADED LEFT, AMPS NOOE---
c
IF 'CNTAC™ 2Q 121 OR INTAC” EQ. .22 T“HEN
G0 TO 800
ELSE IF (CNTACT €Q.231 . OR.CNTACLT €@ 232! THEN
G0 T0 400
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fLse
< ©0 TO *00
+ o If
1"3@ [ 4
‘ C ~=~SHOCK AND CONTACY SURFACE ARE AT THE SAME LOCATION AFTER TIME---
€ -=-ZERO---
- c
Ny ELSE IF((SHOCK.EQ.222).AND.(CNTACT.EQ.222) )THEN
N SNOCK = 321
N CNTACT = 321
Ko GO TO 400
Kn ELSE IF((SHOCK.EQ.322).AND.ICNTACT.£Q.322)ITHEN
TFIDABSIGIT I ).LT.ACT ) THEN
GO TO 300
: ELSE
o GO TO 500
£END 1P
g ELSE IF((SHOCK.EQ.332).AND.ICNTACT.EQ.3321) THEN
) SHOCK = 231
CNTACT = 231
GO TO 400
ELSE IF((SHOCK.EQ.232).AND.(CNTACT.EQ.232)) THEN
R, IFIOABSIQ(I ). LT .ALT)) THEN
W G0 TO 200
':( ELSE
> G0 T0 500
‘a END IF
ELse
GO TO 720
N IF
“w c
O C ---~CALL CONDITION SUBROUTINE WHICH CONTAINS ALGORITHM THAT 18---
ey € ---NUMERICALLY BEST SUITED FOR THE SITUATION AT NOOE I---
-x c
A 100 CALL CONDLIQ@1I),Q!Tel),AIT1,A(T¢1),ARIT),QQ(T1,.SiL1,0€6LQQL,
c DELRRN,DELSH,OELSL ,DELGH ,0ELAN,0ELQL ,DELAL ,H,EE,
¢ DELT.QQRINT ,RRINT ,SINT ,QPRIM APRIM AINT . Q1 1-1),411-1))
@0 TO 1000
c
o 200 CALL COND2(Q(T),Q11-1),A(T),A(T-1),RR(T1,QQ11),SIT},06LQQL,
N c DELRRL ,DELSL ,DELQL ,DELAL ,DELT ,H,EE ,QAINT ,ARINT ,SINT,
5 ¢ WRIM,APRIM,AINT )
Y Q0 T0 1000
c
300 CALL COMDSIQIT)1,Q 11, A1T),ATe1),RR1T1,8Q¢T 1,511 },06LQ00M,
¢ DELRRN,DELSH,DELQM ,DEL AN, DELT ,H,EE ,QAINT ,RRINT ,SINT,
N 3 QPAIM,APATIM,AINT )
oA @0 TU 1000
. c
' 600 CALL CONDa!1,SHOCK ,CNTACT ,J,LNODE ,RNCOE .QGSTEP . RRSTEP ,SSTEP )
s @0 10 1100
¢
B $00 CALL CONDS(Q!T1,QT-11,@0T¢1),A(T),A02-11,A(1¢1),AR11),Q@(1),
N ¢ SI1),06LQGL ,OELQQN ,0ELRRL .DELRRH ,DELSL ,0ELSH,DELQL ,
5 c DELQN,DELAL ,OELAM,M,EE ,OELT ,GQINT . ARINT ,SINT ,AINT,
! ¢ QPRIM,APRIM,SMOCK ,CNTACT |
‘t o0 Y0 1000
N - e
i 600 CALL COMD&!SHOCK ,CNTACT ,MALT)
QAsTEP=Q DO
Y AASTEP=) DO
g $3T¢PeQ OO
A @0 10 1100
2 c
.:. T00 ZALL TOMOTI THOCK ,CNTACY J8L7 ,SIGMA, 12 I M. MALY, QT 1t
® WSTEP=2Y °N
RRSTEP=0 0O
$STEP=0 DO
: 00 10 1100
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s a l{‘.’&

o0

0OO0O00O

[ N Nal OO0 oo

[a NaXal

710 CALL CONDTN(SHOCK ,CNTACT ,0ELT,SIGMA,I2,I,H,HALT,Q(T).X)
QQSTEP=0.D0
RRSTEP=0.DO
SSTEP=0.00
60 TO 1100

720 CALL COND7S{SIGMA,HALT ,SHOCK ,CNTACT)
QQSTEP=0.D0
RRSTEP=0.00
SSTEP=0.00
60 TO 1100

800 CALL CONDS(SHOCK ,CNTACT ,HALT)
QGRSTEP=0.D0
RRSTEP=0.00
SSTEP=0.00
@0 T0 1100

900 PRINT » ,°'AN IMPOSSIBLE SITUATION EXISTS - ERROR*
QQSTEP=0.00
RRSTEP=0.00
SSTEP=0.00
HALT = ]
G0TO 1100

sme=eees  CALCULATE OLTA QQ, DLTA RR 2 DOLTA S

1000 OLTAQQ@=QQINT-QQ(I)
OLTARR=RRINT-RRI(I)
OLTAS=SINT-S(])

wme=e= CALCULATE 2(K)'S -=ecce=ee-e

AAVG(1)3{AINTI1)+A(1))/2.0000

AAVGI3 )= AINT(3)eA(TI))/2.0000

AAVG( 2180.0000

SAVG = (SINT+S(11)/2.000

Z(1)3=-11.0000/G2 "AAVG! 1 I#{ SAVG-G2 1#( QPRIM( 1 }-G2#APRIM(1))
Z(3)3(1.0000/G2 1%AAVGI 3 )#(SAVG-GZ 1n( QPRIMI 3 1+G2#APRIMI3 )
Z121=0.0000

e<=ce INTEGRATE THE Z(K)'S -=c==-- —————

INTEG( 21=0.0000
INTEGI 1 )3Z( 1 I%DELT
INTEG(3 )=Z(3 )mDELT

e=eeccce SOLVE THE EQUATION ---ce-- ~——

QASTEP=OLTAQQ+INTEG( 1)
RRSTEP=DLTARR4INTEG! 3)
SSTEP=DLTAS*INTEGI 2)

ceeecece STORE THE SOLUTION ---cc-- -

1100 NEWMQQ(T 1=QQ( I 1+QQSTEP
NEWRR( T )=RR( I )+RRSTEP
NEMS(I)=S(])+SSTEP

--------- GO TO NEXT NODE ---c----vceeue

I=Tel
GOT0 111
1200 CONTINUE
SORY = 2
IFEI211).€Q.N) THEN
K =}
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ELSE IF(SIGMA(1,2).EQ.3.D00) THEN
X =3
v ELSE
K =0
ENO IF
CALL BONDRY(Q(N),Q(N-1),QRB0,A(N),A(N-1),GQ(N),QQ(N-1),RRIN),
C  RR(N-1},S(N),S{N-1),H,EE,DELT ,RBNDRY ,RBOPRS ,RBOPR ,RBOOR ,

::2;:: c RBOTR,J,NEWQQ(N ) ,NENRR(N ) ,NENS(N ),6,61,62 ,HALT ,BORY ,SK )
_n'! c

:.2,. c eeee-e-ce UPDATE THE VARIABLES ----------

ot c

g I=1

1210 IF (I.EQ.N+1l) GOTO 1220
RR(T )ZNEWRR(I)

v QQ( T )aNEWGQ(I)
A S{I)SNERS(I)
R IsIel
oy GoTo 1210
N 1220 CONTINUE
R RETURN
A END
c
ph oy C MHHHHHEHHHHHHHHHHHHHHEHHE HHSHHHEHHEEHHME I HHHHHHHHHSHES
K ¢ » »
BN c » CONDITION SUBROUTINES 1-8 »
‘p:o c » ™
"&u" C IHHHHHHHHHHHHHHHHHHHEHHHHHHHHUHEHHHEHHHHHHHHHHHHHHHE L
terd [~
- SUBROUTINE COND1(QI,QIP1,AI,AIP1,RR,QQ,S,0ELQQL,DELRRH,DELSH,
‘ c OELSL ,DELGH,DELAH,DELQL ,DELAL ,H,EE ,0ELT ,QQINT,
o . ¢ RRINT ,SINT,QPRIM,APRIM,AINT,QIM1,AIM1)
& S’l c FHEHEHEHE I I - 30 50 THHHNEE I IS 350 163000 - 98 90590 3
I ¢ " .
Yy ¢ » SUBROUTINE CONDITION 1 "
> .t‘. c » »
c SHETHE I 10T 03 IS 20T SHHEIHE M- S TS 0 S 0
c
. C ===== USED WHEN NO CONTACT SURFACES NOR SHOCKS WITMIN H OF NODE-—--
" C ===== AND FLOW IS SUBSONIC~~===
- € ----- CALCULATES QQINT,RRINT,SINT,QPRIM,APRIM-====
o g ~==== USES FORWARD AND BACKWARD OIFFERENCE SCHEMES-----
i}
v ¢
, c c-cececeecee VARIABLE DEFINITIONS W +-=======
/ c
a9 c A - A(D) .
o c AIM1 - A(2-1)
e, ¢ AIP1 _ A(I+1)
2, c EIK) = ACTUAL ERROR IN CHARACTERISTIC SLOPE CALCULATION.
AL c ] - SLOPE OF THE CHARACTERISTICS (Q+A,Q,@-4)
ol c QI - A1)
c QIMl - Q(I-1)
- c QIP1 - Q(I+1)
! c

DIMENSION LMO(3),DELX(3),QINT(3),AINT(3),E(3),QPRIM(3),APRIM(3)
INTEGER K

s

) e DOUBLE PRECISION QI,QIP1,AI,AIP1,RR,QQ,S,AIM1,QIML,
:‘ [ DELQQL ,DELRRH ,0CLSH ,DELSL,0ELQN,DELAK,DELQL ,
AR c DELAL,N,EE,DELT,LMD,DELX,QINT ,AINT,E,
- [ QQINT ,RRINT,SINT,QPRIM,APRIM
Q c
£ €  -=---INITIAL ESTIMATE OF CHARACTERISTIC SLOPES-----
N c
\-;.‘ LMD(1) s QIM]1 ¢ AIM]
b3 LMD(2) = Al
y . LMD(3) = QIP1 - AIP1
' c
- c =e=e=CALCULATE LINEARLY INTERPOLATED VALUES OF @ AND A-----
vy
v
i ' 167
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10K = ]
20 IF (K.LT.4) THEN
OELXI(K) = DELT # LMD(K)
IF (LMD{K).LT.0.0000) THEN
QINTIK) = QI - (DELX(K) ®» DELGH / W)
AINTI(K) = AT - (DELX(K) % DELAH / W)

ELSE
QINTIK) = QI ~ (DELX({K) » DELQL / H)
AINT(K) = AT ~ (DELX(K) # DELAL / H)
END IF
Ka2Koel
GO 7O 20

END IF

~====CALCULATE ERROR BETWEEN ESTIMATED SLOPE AND NEW SLOPE----~-
e==e=FROM NEN INTERPOLATED VALUES-----

€(1) » DABS(LMO(1]) - (QINT(1) ¢ AINT(1)))
E(2) = DABSI(LMO(2) - (QINT(2)))
€(3) s DABSILMO(3] -~ (QINT(3) - AINT(3)))

LMD(1) = QINT(1) ¢ AINT(1)
LMD(2) = QINT(2)
LMD(3) = QINT(3) - AINT(3)

====-COMPARE ERROR TO ERROR TOLERANCE LEVEL, ITERATE TIL MET-~---
IF ((E{1).GT.EE).OR.(E(2'.GT.EE).OR.(EI3).GT.EE)) GO TO 10

~====CALCULATE LINEAALY INTERPOLATED VALUES OF REIMAN--~---
w=-==VARIABLES ANO MOOIFIED ENTROPY AT POINT A--=---~

QQINT = Q@ - (DELX(1) » (DELQAL / N))
IF (LMD12).LE.0.0000) THEN

SINT = S - (DELX(Z) » (DELSH / H))
eLsSE

SINT = 8 - (DELX(2) = (DELSL 7/ M)
END IF
RRINT = RR - (DELX(3) » (DELRRM / H1})

=== CALCULATE SPATIAL ODERIVATIVES ---

QPRIMILI » IQI-QIML /M
QPRIMI2) = 0.D00
QPRIM(3) = (QIP1-QII/HW
APRIM(1) 8 (AI-AIM1 /M
APRIM(2) * 0.000
APRIM(3 ] s (AIPL-AL I/M

RETURN

N0

SUBROUTINE COND2(QT,QIM1,AT,ATM1,AR,QQ,S,0ELQQL ,DELRRL .DELSL ,
c OELQL.DELAL ,DELT ,H,EE ,QQAINT ,RRINT ,SINT ,GPRIM,
c APRIM,AINT |

. o ) o e

. SUBROUTINE CONDTTION 2 .

» -

-~ BACKMARD DIFFERENCE ALGORITHM FOR CALCULATING ---
=== RRINT,QQINT ,SINT ,APRIM,QPRIM,AINT ---

OIMENSION LMOI 3 ), DELAIS I QINTIS I, AINTISI.E(S ), QPRIMI S, APRIMI S
INTEGER K

OOUBLE PRECISION QI,QIM)Y,AT,AIM1,AR,QQ,S,DELQQL,0ELRRL ,DELSL,
c OCLQL ,DELAL ,DELY,N,EE ,AINT ,QINT,LMD,DELX,E,
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g c QQINT ,RRINT ,SINT ,QPRIM,APRIM
ceeecINITIAL ESTIMATE OF CHARACTERISTIC SLOPES---=-

o060

' LO(1) = QIM1 ¢ AIM)
LDLe) = Q1
LMD(3) = QT -~ Al

' c
€ ~===<CALCULATE LINEARLY INTERPOLATED VALUES OF Q AND A--=-=
[ c
)
v: 10K = 1
. 20 IF (K.LT.4) THEN
OELX({K) = DELT # LMO(K)
QINTIK) = QI - (DELXIK) ® DELQL / H)
s AINT(K) = AT - (DELXIK) » DELAL / H)
o KsKel
W 60 TO 20
9‘.-‘. IND IF
':‘1 c
y C  ~===~CALCULATE ERROR BETWEEN ESTIMATED SLOPE AND NEW SLOPE- ---
€  ====-FROM NEW INTERPOLATED VALUES-~--~
c
s (1) » DABS(LMD(1) ~ (QINT(1) ¢ AINT(1)))
S €(2) = DABSILMDI(2) - QINTI2))
fe's €(3) s DABS(LMD(3) - (QINT(3) = AINT(3)))
0"0 [
n LMD(1) = QINT(1) & AINT(1)
o LMDI2) s QINT(2)
LMDI3) = QINT(3) - AINT(3)
c
,.“; g ~eee=COMPARE ERROR TO ERROR TOLERANCE LEVEL, ITERATE TIL MET-----
,0
";s‘, IF ((€1).GT.EE).OR.(E(2).GT.EE).OR.(E(3).GT.EE)) GO TO 10
o, c
'l,'.-. C  -=-=-CALCULATE LINEARLY INTERPOLATED VALUES OF REIMAN-----
oM C  -=<=-VARIABLES AND MODIFIED ENTROPY AT POINT A-=-=-
[
QQINT = Q@ - (DELX(1) » (DELQAL / M)
o SINT = S - (DELXI2) » (DELSL / W))
,.;5 RRINT = RR - (DELX(3) » (DELRRL / H))
l.' c
B C --~ CALCULATE SPATIAL DERIVATIVES ---
2y c
- QPRIMIL1) = (QI-QIM1 /M
QPRIMI 2} = 0.DOO
QPRIMIS) = (QI-QIM1I/M
: APRIMI1) = (AI-AIM1I/H
2 APRIM(2) = 0.D00
v APRIM(Z ) = (AI-AIM1I/W
:- RE TURN
19 END
i c
SUBROUTINE COMND3(QI,QIP1,AI,AIP1,RR,QQ,S,.DELQQN,DELRRH,DELSH,
1 c OELQM ,DELAM,DELT , N ,EE ,QQINT ,RRINT ,SINT ,QPRIM,
"' N, [o APRIM,AINT )
tt - <
.5 c TS I » » » ann P
* ¢ . "
c » SUBROUTINE CONDITION 3 "
€ » »
— o HHRV VSR BRS » 2 S08 8 a2 2 X2 T2 T
. :‘ c
. C --- FPORMARD DIFFERENCE ALGORITHM FOR CALCULATING ---
N C --- RARINT,QQINT,SINT,APRIM,QPRIM,AINT ---
Y (4
RN OIMENSION _MO! 3 1, DELXIS I, QINTIZ ), AINTIS ) ,E03),QPRIM(Y1,APRIMI T,
e INTRGER K
OOUBLE PRECISION QI.QIP1,Al,AIP1,RR,QQ,S,
c OELQQM ,DELRRM ,DELSH ,DELQN ,DELAN,
‘2 )Y
) 2\ 169




c DELT ,H,EE,AINT ,QINT,LMD,DELX,E,
c QQINT ,RRINT ,SINT ,QPRIM,APRIM

ew===INITIAL ESTIMATE OF CHARACTERISTIC SLOPES-----

o0

UD(1) = @I ¢+ AL
LMD(2) = QX
LMD(3) = QIP1 - AIPl

~e===CALCULATE LINEARLY INTERPOLATED VALUES OF @ AND A-----

[ N X¥,)

10K s )

20 IF (K.LT.4) THEN
DELXIK) = DELT » LMO(K)
QINTI(K) & QI - (DELXIK) = DELQH / H)
AINTI(K) = Al - (DELXIK) » DELAW / W)
KsKoel
@0 T0 20

END IF

«===<CALCULATE ERROR BETNEEN ESTIMATED SLOPE AND NEN SLOPE-----
~=ea=FROM NEW INTERPCLATED VALUES-~-~-

OO

€(1) = DABS(LMD(1} - (QINT(1) ¢ AINT(11))
E(2) = DABS(LMD(2) - QINTI2))
E(3) = DABS(LMO(3) - (QINT(3) - AINT(3)))

LMDI1) » QINTIL1) & AINT(1)
LMD(2) = QINT(2)
LMOI3) = QINTIZ) - AINT(3)

~===<COMPARE ERROR TO ERROR TOLERANCE LEVEL, ITERATE TIL MET-----

0oo0n

IFI(EI1).GT . EE).OR.1E12).GT.EE).OR.(E13).GT.EE)) GO TO 10

=====CALCULATE LINEARLY INTERPOLATED VALUES OF REIMAN-----
~=«==VARIABLES AND MOOIFIED ENTROPY AT POINT A-----

(o N a N s Nal

QOINT = QQ - (DELX(1) » DELQGN / W)
SINT = S - (DELX(2) ®» DELSH / H)
RRINT = RR - (DELXI3) » DELRRM / M)

==~ CALCULATE SPATIAL OERIVATIVES ---

oOon

QPRIMIL! = (QIP1-QT i/M
QPRIMI2) = 0.000
QPRIM(Z) = (QIP1-QI)I/M
APRIMIL) = (AIP1-AT /N
APRIM(2) s 0.DOO
APRIM(S) = (AIP1-AL /W
RETURN

END

SUBROUTINE COND4! I,SHOCK ,CNTACT ,J, LNODE ,RNODE ,Q@STEP ,ARSTEP,
¢ sSTEP)

SUBROUTINE CONDITION ¢ »

» Maoa g a*0ne *RN0 e *NNNHN

=== A SITUATION EXISTS AT NODE I THMAT WILL BE CORRECTED IN ---
-== SUBROUTINE COARRCT. »NOOE ARRAYS ARE GIVEN INFORMATION ---
--- ON NOOE _OCATION AND SHOCK/CONTACT SURFACE PICTURE ----

R ~< VARIABLE OEFINITIONS -------- .—--

ONODONOOOODOOHNONOD

COATAK - ODENOTES MON MANY NODES NEED TO BE CORRECTED

170

o« 87

e




c THIS TIME STEP

N c
S DIMENSION LNOOE(4),RNODE(4)
o INTEGER LNOOE ,RNODE , I, SHOCK ,CNTACT ,J,CD4TRK
DOUBLE PRECISION QQSTEP,RRSTEP,SSTEP
C -===-ASSIGN FIRST NODE ENCOUNTERED DURING THE NEW TIME STEP TO ----
c LNOOE
a .-‘1 c
R IF(LNODE(4).LT.J) THEN
e COGTRK = 1
S END IF
I IF(CDATRK.EQ.1) THEN
LNODE(1) 2 I
N LNODE(2] = SHOCK
a LNODE( 3] = CNTACT
>, LNODE(4) = J
n"!." [
t C =--=-IF A SECOND NODE WITH CONDITION & IS ENCOUNTERED IN THE -----
‘v::" C -----SHEEP, THIS NODE IS ASSIGNED TO RNODE -----
" c
eLse
RNODE(1) = I
RNODE(2) = SHOCK
o RNODE(3) = CNTACT
o RNODE(4) = J
» ™o 1F
;n". c
o € -=---LNODE AND RNOOEZ WILL BE "JUMPED"™ OVER DURING SHWEEP THUS-----
€ -~~--THEIR WwSTEP VALUES ARE SET TO Q-----
: c
"Wy QUSTEP = 0.000
i RRSTEP = 0.000
o SSTEP = 9.D00
w c
el IF(COGTRK.EQ.1) THEN
v CDGTRK = COGTRK ¢ 1
eLse
" COGTRK = }
. END IF
iy RETURN
KK END
o c
“ SUBROUTINE CONDS(QI,QIM1,QIP1,AX,AIM1,AIP1,RR,3@,5.0ELGAL,
c OELGQH ,DELRRL ,DELRRH ,DELSL ,0ELSH,DELQL ,0ELGQH,
c DELAL,OELAM,.H.EE ,DELT ,QQINT ,RRINT ,SINT ,AINT,
e c QPRIM, APRIM,SHOCK ,CNTACT }
. c
.:. C TN 0L BTN M NN HHHNHHHHEH THHEHIHHHHEN S-S
Y ¢ . »
A c ) SUBROUTINE CONOITION § »
¥ c ] L]
c S T T - - ST S TR T T3 30 36 8 00 S
c
N C -=- FOR SUPERSONIC FLOW WITH A DISCONTINUITY ON ONE SIDE OF THE NODE-
- € --- CALCULATES QQINT,RRINT,SINT,APRIM,QPRIM,AINT ---
R, OIMENSION LMD13),0ELX(S),QINT(3),AINTI3),E(3),@PRIM(3),APRIM(3)
e INTEGER K,SHOCK ,CNTACT .
L DOUBLE PRECISION QI,AI,RR,QQ,S,QIM1,QIP1,AIM1,AIP],
c €E,DELT,LMD,DELX,QINT ,AINT ,E ,DELQL ,DELGH,DELAL ,
-, 3 QQINT ,SINT ,RRINT ,GPRIM,APRIM,DELAH,H,
' ¢ DELQQL ,DELQQM ,DELRRL ,0ELRRH ,DELSL ,0ELSH
7. c
B C --- DISCONTINUITY ON LEFT, HEADED RIGHT, NOT CROSSING NODE ~---
'l » (o
% IP(1SHOCK .£Q.322).0R. I CNTACT.EQ.3221) THEN
! c
€ -----INITIAL ESTIMATE OF CHARACTERISTIC SLOPES-----
c .
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¢ LMD(1) = QI « AI
! LMDI2) = QI
9

) LMO(S) = QIP1 - AIP1
s ¢
[
! €  ~=<=~CALCULATE LINEARLY INTERPOLATED VALUES OF Q AND A-=---
. c
» 10K s
) 20 IF (K.LT.4) THEN
W! DELX(K) = DELT #* LMO(K) 4
3 QINT(K) = QY - (DELX(K) # DELGH / H)
2 AINTIK) = AT - (DELX(K) % DELAH / M)
:' K=K +1
" GO TO 20
END IF
W c
" C  ~----CALCULATE ERROR BETWEEN ESTIMATED SLOPE AND NEW SLOPE~-~--
iy C -<-==FROM NEW INTERPOLATED VALUES==---
l. c
i €(1) = DABS(LMDI(1) ~ (QINT(1} ¢ AINT(1)))
o €(2) = DABSILMD(2) = QINT(2})
E(3) = DABS(LMDI3) -~ (QINT(3) = AINT(3)))
c
" LMD(1) = QINTI1) ¢ AINT(1)
e LMDt 2) = QINT(2)
" LMD(3) = QINT(3) = AINT(3)
o c
.:: € ~-=--COMPARE ERROR TO ERROR TOLERANCE LEVEL, ITERATE TO MEET--=-=
1 Cc
» IF(IE(1).GT.EE).OR.(E(2).GT.EE).OR.(E(3).GT.EE}) 10 10
. c
ot €  ~===~CALCULATE LINEARLY INTERPOLATED VALUES OF REIMAN-----
b € -----VARIABLES AND MODIFIED ENTROPY AT POINT A---==
kY [
A QQINT = Q@ - (DELX(1) * DELQGH / H)
X SINT = S - (DELX(2) » DELSH / H)
) RRINT = RR - (DELX(3)} % DELRRH / H)
¢
¢ C === CALCULATE SPATIAL DERIVATIVES ~--
4 [
QPRIM(1) s (QIP1-QI /W
- QPRIMI2) = 0.000 .
’ GPRIM(3) = (QIP1-QI /W
;'. APRIMI1) = (AIP1-Al)/H
Y APRIM(2) = 0.000
APRIMIZ) 3 (AIP1-AXI /M
END IF
'y o
o8 C --- DISCONTINUITY ON RIGHT, HEADED LEFT, NOT CROSSING NODE ---
v c
b IF((SHOCK .EQ.232).0R. (CNTACT.EQ.2321) THEN
c
o €  -=-<-INITIAL ESTIMATE OF CHARACTERISTIC SLOPES-----
c
y LMD(1) = GIM1 + AIMI1
:, LMDI2) = QF
A LMOI3) s QI - Al
o« C
e € ee--- CALCULATE LINEARLY INTERPOLATED VALUES OF @ AND A-----
o c
: 30K .1
- 40 IF (K.LT.6) THEN
. DELAIK] = DELY & _MDINK)
£y QINT(K) » QI - (DELX(K) ® DELGL / W)
\: AINTI(K) = AT - (DELX(K) ® DELAL / W)
X 2K o1
[} L]
30 70 0 J
) ENO 1P
¢
. €  =====CALCULATE ERROR BETMEEN ESTIMATED SLOPE AND NEW SLOPE------
L)
>
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=vweaFROM NEM INTERPOLATED VALUES-~->-
E(1l) = DABS(LMD(1) - (QINTI{L1) ¢ AINTI1)))
£12) = DABSILMD(2) ~ QINT(2))
E(3) = DABSILMD(3) - (QINT(3) - AINT(3)))
LMDI1) = QINT(1) ¢ AINT(1)
LMD(2) = QINT(2)
LMD(3) = QINT(3) - AINT(3)
=====COMPARE ERROR TO ERROR TOLERANCE LEVEL, ITERATE TO MEET----~
IF ((E(1).GT.EE).OR.(E12).GT.EE).OR.(E(3).GT.EE)) GO TO 30

=====~CALCULATE LINEARLY INTERPOLATED VALUES OF REIMAN-=--=-
~-===VARIABLES AND MODIFIED ENTROPY AT POINT A-----

QQINT = Q@ - (DELX(1) » (DELQGQL 7/ H))
SINT = S - (DELX(2) % (DELSL 7/ H))
RRINT = RR - (DELX(3) ®* (DELRRL / H})

=== CALCULATE SPATIAL DERIVATIVES ---

QPRIM(1) = (QI-QIM1I/H
QPRIM(2) = 0.000
QPRIM(3) = (QI-QIM1)/H
APRIM(1) = (AI-AIM1I/H
APRIM(2) = 0.D00O
APRIM(3) = (AI-AIM1I/M
END IF

RETURN

END

SUBROUTINE COND6( SHOCK ,CNTACT ,HALT)

SHHHHHHHHHHEHHHHHHHHHHEHHEHHHHHHHHHHEHHOHHHHHHHEHEHHEHHHE
»
SUBROUTINE CONDITION 6 »n
»
SHHHHHHEHUHHHHHHHHHHEHHHHSHHEHHHHHHHHHHHHHHHEHHHHEHHHEHE

INTEGER SHOCK,CNTACT,HALT

PRINT # ,'THE SITUATION FOR CONDITION 6 WITH THE CONTACT SURFACE °
PRINT = ,°'TO THE RIGHT OF A SHOCK BOTH HEADED RIGHT OR THE :
PRINT ® , ‘CONTACT SURFACE TO THE LEFT OF A SHOCK BOTH HEADED LEFT'®
PRINT » ,'ADDITIONAL LOGIC IS REQUIRED TQ PROCEED®

PRINT » ,'SHOCK =°,SHOCK,' CONTACT SURFACE ='.CNTACT

HALT = 1

RETURN

ENO

SUBROUTINE COND7(SHOCK ,CNTACT ,DELT,SIGMA,X2,I,H,HALT,Q)

TN S50 SHHHAHHNHHEHHNAHHHMHNHE N HHHHHHHHHHHHHEHHNHH

» »
L SUBROUTINE CONDITION 7 L)
» L]

RIS T ST ST I T S 00 10500 30000000 S S I 0 -0

DIMENSION SIGMA(G,2),1I2(4)
INTEGER MALT,SHOCK,CNTACT,12,I
DOUBLE PRECISION DELT,.SIGMA.H.Q

PRINT » ,'CONODITION 7 REQUIRES THAT THE CONTACT SURFACE AND !

PRINT » , 'SHOCK(MOVING IN OPPOSITE DIRECTIONS) MEET AND CROSS. °
PRINT » ,'WNEN THEY INTERSECT,THE RESULT IS A FUNCTION OF EXIST-'
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PRINT # ,'ING CONDITIONS AROUND THEM. BOTH THE ORIGINAL SHOCK °*
PRINT » ,°AND CONTACT SURFACE WILL EXPERIENCE VELOCITY CHANGES .'
PRINT »# ,'THIS SUBROUTINE WOULD HAVE TO CALCULATE WHEN AND WHERE'
PRINT » ,'WITHIN THE TIME/SPACE ITERVAL THE SHOCK AND CONTACT '
PRINT % ,'SURFACE INTERSECT. THIS IS BASED ON KNOWN SPEED AND °*
PRINT # ,'THEIR RESPECTIVE LOCATIONS. THIS NEW TIME, DELT(NEW) *
PRINT ® ,°THEN COULD BE USED TO RERUN "SWEEP", WITH CONDITION 7S' -
PRINT # , 'EXISTING AT TIME = T + DELT(NEW). ADDITIONAL LOGIC IS'
PRINT » ,'REQUIRED TO CONTINUE.'

PRINT # ,°'SHOCK =',SHOCK,' CONTACT SURFACE =',CNTACT

PRINT » ,°'SIGMA(1,1) =',SIGMA(1,1),* SIGMA(1,2) =',SIGMA(1,2)
PRINT » ,'SIGMA(2,1) =',SIGMA(2,1),' SIGMAIZ,2) =',SIGMA(2,2)
PRINT = ,'CONTACT SURFACE VELOCITY a,Q

PRINT » ,'NQDE I =°,I

HALT = 1

RETURN

END

SUBROUTINE COND7N(SHOCK ,CNTACT ,0ELT,SIGMA,I2,I,H,HALT,Q,X)

S0 - I I TR I HHHE I T 3

» »*
» SUBROUTINE CONDITION 7N »
» »

SHEIEHHHEHEIHEEHHEHEH I HE I THE I IO HEIHHE I HE -8 3 38 -

OIMENSION SIGMA(4,2),1I2(4)
INTEGER HALT,SHOCK,CNTACT,I2,I
DOUBLE PRECISION DELT,SIGMA,H,Q,X

PRINT » , 'CONDITION 7N REQUIRES THAT WHEN EITHER A SHOCK OR '
PRINT » , 'CONTACT SURFACE JUMPS A NODE (AS DETERMINED BY '
PRINT % , COMPARING SIGMA(L,1) TO SIGMAIL,21) A CONTACT SURFACE'
PRINT » ,'OR SHOCK WOULD BE MET AND CROSSED DURING THE JUMP. !
PRINT ® , 'THE RESULT WHEN THEY INTERSECT IS A FUNCTION OF '
PRINT » , 'EXISTING CONDITIONS AROUND THEM. BOTH THE ORIGINAL®
PRINT # ,°'SHOCK AND THE CONTACT SURFACE NWILL EXPERIENCE VELOCITY®
PRINT » , 'CHANGES. THIS SUBROUTINE WOULD MAVE TD CALCULATE WHEN'
PRINT » ,'WITHIN THE TIME INTERVAL AND MHERE SPACIALLY THE .
PRINT = , ' INTERSECTION OCCURS. THIS IS BASED ON KNOWN SPEED AND'
PRINT # , 'THE RESPECTIVE LOCATIONS OF THE SHOCK AND CONTACT '
PRINT » ,'SURFACE. THE NEW TIME, DELTI(NEN), COULD THEN BE USED °*
PRINT # , TQO RERUN “SHEEP" WITH CONDITION & AT THIS NODE, AND ’
PRINT « , 'SIGMAL2,3) 2 SIGMALL1,2) SO THAT CONOITION 7S WOULD
PRINT ® , 'RESULT IN "HE NEXT TIME INTERVAL.'

PRINT » , 'SHOCK =',SHOCK, CONTACT SURFACE =',CNTACT

PRINT » , 'SIGMA(1,1) s°,SIGMAIL,1),' SIGMA(1,2) =',SIGMA(]1,2)
PRINT ® ,°'SIGMAI2,1) ' ,SIGMA(2,1),' SIGMAI2,2) =',SIGMAL2,2)
PRINT » ,'CONTACT SURFACE VELOCITY »',.Q

PRINT @ ,'NODE I =',I,' LOCATION AT < =',X

HALT = ]

RETURN

END

SUBROUTINE COND7S{SIGMA ,MALT ,SHOCK ,CNTACT)

SUBROUTINE CONDITION 7S

Lo ol oo ad s dd it gl sl 222222 2222 22 21X 21122}

DIMENSION SICMA(S,2)
INTEGER SHOCK .CNTACT .MALY
OCUBLE 2REZIZION 5IGMA

PRINT & ,'CONDITION 7S MAS BEEN MET. TMIS MEANS THAT THE SHOCK
PRINT @ ,'AND CONTACT SURFACE ARE LOCATED AT TME SAME x AT A
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PRINT % ,'TIME OTHER THAN ZERO. THMIS SUBROUTINE WMOULD MAVE TO °
PRINT »# ,'DETERMINE THE RESILT OF THE INTERSECTION BASED ON THE
PRINT » ,'CONDITIONS TO THE LEFT AND RIGHMT. ADDITIONAL LOGIC IS
PRINT = , ‘REQUIRED TO PROCEED. '

PRINT # , 'SHOCK =',SHOCK,' CONTACT SURFACE =',CNTACT

PRINT ® , 'SIGMA(L1,1) 2',SIGMA(1,1),' SIGMA(2,1) =',SIGMAI2,]1)
HALY = )

RETURN

END

SUBROUTINE CONDS( SHOCK ,CMTACT ,MALT)

.
SUBROUTINE CONOITION &8 .
-

INTEGER HALT ,SHOCK ,CNTACT

(] OOoOOOOOD ©
»

PRINT
PRINT
PRINT
PRINT
PRINT
HALT s )
RETURN
eEND

» 'CONDITION 8 COULD RESULT ONLY AFTER THE ORIGINAL SMOCK*
» 'HAS CROSSED THE CONTACT SURFACE., AND THE SUBSEQUENT
»'CONODITIONS DETERMINED. ADOITIONAL LOGIC IS REQUIRED "0
» 'CONTINUE .’

» 'SHOCK =°,SMOCK,' CONTACT SURFACE =’ .CNTACT

SUBROUTINE CORRCT! LNOOE .RNDOE .N.SIGMA . # . QQ AR, 5.5.61.82 .22 .42 .M.
[ AR,DQ,VS.4.Q!

- OISCONTINUITY ZORRECTION SUBROUT INE

------------ VARIABLE OEFINITIONS -----o-oooo-

ENTRPY - MDOIFIED ENTROPY

SNDSPO - SONIC VELOCITY

JA - JELOCITY RELATIVE "0 "WE SHOCK, _EFT 31DE
B - YELOCIYY IELATIVE "0 "ME SMOCK . 3IGHT 53
ALTY - VELOCITY

OO ONOOND

INTEGER L NOOE . RMOOE .M .12 ., MODE . SMOCK .CNTACT &
DIMEMSION LNODEi & i ,ANODE 4. SIOMAIG.2),00:N) RRiMN) SIN) L2161,
2R AIN' . @IN XA e  Ble

DOUBLE 2REZISION SIGHA.Q .30 . 5,4 .9,
H.a.31.80.¢3.M.a0 . DQ. S,
RAA .S .04 . QG0 .44 .48 .04 .09 .54 .58 .
SAL.SA2.VLCTY .SNOSPOD .ENTRPY .QQCAC .BRCALC.
B, XA

“"

DY

€ ---n- L INE STATEMENT FUNCTIONMS-----

QUCALL ' VLC" 7 .3MDSPO .ENTRPY & /{C™Y . MOSENSENTRO:
RRCALC: VICTY . SHOSPD . ENTRPY ¢+ » v\ (" SNOSPDeENTRP >

€ ----- SET IMITIAL VALLRS OF JARIABLES TC JERC-
+ 3 000
e N DOO
LI I La b
.

FEF ]

boo
000

ep:b3i8

* B
oo .
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be,
{
. @8 = 0.000
O SA = 0.000
i, 8 = 0.000
[ DO 15 K21,4
» XA1K)1%0.D0
XB(K)=0.00
A 15 CONTINUE
N c
. C -----DETERMINE IF ONLY ONE NOOE NEEDS TO BE CORRECTED OR TWO-=-==--
o € -----NOOES. ALSO, IF SHOCK AND CONTACT SURFACES ARE CLOSE-----
€ ----- ENOUGHIWITH IN 2H) TO INTERACT-----
c
o IF(ILNODE( 2 1.EQ.2001.0R, (LNODE(3)1.EQ.1001) THEN
ZF(ILNODEI1+.GE.(RNGDE(11-2)).AND.(RNODE(1).GT.0)) THEN
GO TO 20
s, ELSE
rot G0 TO 30
b oo €ENO IF
"t ELSE IF(RNODE(1).GT.0) THEN
s, GO TO 20
: ELSE
GO 10 10
& END IF
u'.— c
€ -----BRANCH HERE IF ONLY ONE NOOE TO BE CORRECTED (LNODE) AND,-----
Xy € ----- SMOCK/CONTACT SURFACE INTERACTION-----
- c
o 10 SHOCK = LNODE(2)
CNTACT = LNGDE(3)
c
' € ---SHMOCK ON LEFT, HEADED RIGHT, JUMPS OR NOTCONTACT SURFACE ON-----
. € ---RIGHT, HEADED LEFT, DOESN'T CROSS NODE ---
c
: IFIISHOCK .EQ.322.0R.SHOCK . EQ.321).AND.(CNTACT.EQ.232)) THEN
. C ~em-- DETERMINE NODE TO RIGHT OF SHOCK AND CONTACT SURFACE~-=----
c
12111 3 LNODE(1) o 1
- I212) = LNODE(1) + 1
CALL DELTAXIIZ,SIGMA,XB,XA,H)
c
- C ----- EXTRAPOLATE O RIGHT FACE OF CONTACT SURFACE-~~-~--
Y i IF ' I2121.EQ.N) THEN
CALL 3BORY(RRIN),GR(N1,SIN),RRB,QQB,SB,AB,GB
ELSE
h CALL EXTRAPIRRIT2(2)),RR(I212)+11,GQ(I2(2)),QQ1I2(2)+1),
[ $(I1202)),8(12121+1),XB{2),H,RRB,QQ8,58,AB,Q8)
ENC IF
o
2 e ZALCULATE JARTABLE CHANGE ACROSS CONTACT SURFACE~----
c
SA 2 S112(2)-1)
o CALL CSJUMP(AB.GB,SB,5A,G2,QA,AA)
c
EN € -m--- IF SMOCK INTERACTS CALCULATE CHANGE IN VARIABLES ACROSS SHOCK----
P, [d
- IFISHOCK .EQ.321) THEN
N B = QA
AB = AA
SB = SA
CALL SXJUMPIAB,38,58,AR,0G,VS,G,G1,4,44,04,54 |
QGA = QGCALCIGA,AA,SA)
RRA a RRCALC(GA,AA,SA)
C
Ny T oeeee- INTERPOLATE "0 “OCE(IZ!111-1! AND ASSIGN CORRECTED VALUES-----
- <
' IF (1211).€Q.2) THEN
CALL BBDRY(RRA,QQA,SA,RRII2(1)-1),8Q(12(1)-1),
v
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4 c S(I2(1)-1),A112(1)-1),Q(I2(1)-1))

N ELSE
‘ CALL INTERP(RRA,RR(I2(1)-21,QQ4,QQ¢12(1)-2),84,
“ c S(T2(11-21,XAU11,(XACL 4H },RRET2(1)-10,
c QQ(12(1)-1),S112(1)-1),A(12(1)-1),
¢ Q(I2(1)-1))
ENO IF
ELSE
QQI2(2)-1) = QQCALCIQA,AA,SA)
RR(I2(2)-1) = RRCALCIQA,AA,54)
S(12(2)-1) = SA
A(12(2)-1) = AA
QlI202)-1) = QA
END IF
¢
! C -~-SHOCK ON RIGHT, HEADED LEFT, CROSSES NODE OR NOT; CONTACT SURFACE-
’ € -~-ON LEFT,HEADED RIGHT, DOES'NT CROSS NODE---
c
: ELSE IF((SHOCK.EQ.232.0R.SHOCK.EQ.231).AND.(CNTACT.EQ.322)) THEN
) ¢
: € -----DETERMINE NODE TO RIGHT TO SHOCK AND CONTACT SURFACE-----
c
I2(1) = LNODE(1)
s I2(2) = LNODE(1)
P. CALL DELTAX(I2,SIGMA,XB,XA,H)
. c
L C ---=-EXTRAPOLATE TO LEFT FACE OF CONTACT SURFACE-----
c
IF (I2(2).EQ.2) THEN
CALL BBORY(RR(1),QQ(1},S(1),RRA,QQA,SA,AA,QA )
ELSE
CALL EXTRAP(RR1I212)-1),RR11212)-2),8Q112(2)-1),QQ11212)-2),
c S11202)-1),S(12(2)-2),XA(2),H,RRA,GQA,SA,AA,QA }
END IF
c
C -----CALCULATE VARIABLE CHANGE ACROSS CONTACT SURFACE=-----
c
SA = S(I2(2))
CALL CSJUMP(AA,QA,SA,SB,G2,G8,AB)
c
€ -----IF SHOCK INTERACTS CALCULATE CHANGE IN VARIABLES ACROSS SHOCK=-=-~
¢
IFSHOCK.EQ.231) THEN
QA = GB
AA = AB
SA = SB
.. CALL SKJUMP(AA,GA,SA,4R,DQ,VS,G,G1,N,AB,Q8,58)
N QGB = GQCALCIGB,AB,SB)
N RRB = RRCALC(GB,AB,S8)
s ¢
¢ -ee-- INTERPOLATE TO NODE(I2(1)) AND ASSIGN CORRECTED VALUES---~-
c

IF (TI2(1).EQ.N) THEN
CALL BBORY(RRB,QQ8,SB,RR(T2(1)1,QQ(T2(111,S(12(1)),

c AlI2(1)),Q(I2(11))
ELSE
CALL INTERP(RRB,RR(I2(1)+1),Q68,3Q(12(1)+1),S8,
c SIIL11)41),4BI1),IXB(1)+H),RRUI2(1)),
4 QA(I2(1)),S(I2(1)),A112(1)),Q(I2(1)))
END IF ‘
ELSE

@Q1I212)) = QQCALCIGB,AB,SB)
RR(I212)) s RRCALC(GB,AB,SB)
S(I2(2)) = SB
AtI2121) = AB
W21 = @B
0 IF

$HOCE O RIGMT MEADED RIGHT, DOESN'T CROSS OR ON LEFT,HEADED---
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C -=< RIGNT, DOES CROSS) AND CONTACT ON LEFY,NEADED RIGHT, CROSSES---
€ --- OR NOT: OR SMOCX ON RIGMY, MEADED LEFT, DOESN'T CROSS NOOE ---
C === MITH CONTACT ON LEFT, NEADED RIOGNT, AND CROSSED NOOE ---
C
ELSE IFP(((SHOCK.£Q.222.0R.SHOCK .£Q.321 1. AND.ICNTACT .£Q.321 . 0R.
c CNTACT.EQ.322)).0R.(SHNOCK . £Q.232.AND.CNTACY .£Q.321))
c THEN
c
C ===--DETERMINE NODE TO RIGHMT OF SHMOCK AND CONTACT SURFACE-----
<
I211) s LNODEt(1) ¢ }
1212) = {NODE(1’ ¢ 1
CALL DELTAXII2 ,SIGMA,XB . XA M)
c
€ ===<=-EXTRAPOLATE TO RIGHT FACE OF SMOCK-~----
c
IF (1201).8Q.N) THEN
CALL BBORY(RRINI,QQIN)},SIN},RRS,Q08,58,AB ,GB )
ELSE
CALL EXTRAP(RRII2(1))I,ARII2111¢1),0Q011211)1,8Q1T21)1e¢1),
c SI11201)),8(1201)¢1),XB(1),H,RR8,Q008,58,A8.,08)
END IF
=
€ =~==-CALCULATE CHANGE IN VARIABLES ACROSS SHOCK-----
c
IFISHOCK .EQ.232) THEN
AA = AB/AR
3A1 = (G1/GmDLOG! ( 2. DOORGRIWNN2 1-G+1.000) / (G+1.000))
SA2 = GlnOLOGI({G-1.000iniMnu2)+2.000) 7/ ((Gel.000 I
c (2] )
SA = SBeSAL+SA2
UB = Q8 - VS
UA = UB -AANDQ
QA s UA + VS
ELSE
CALL SKJAMP{AB,Q8,S8,AR,DQ,VS,6,G1,N,AA,QA,SA)
END IF
c
C =w=e- CALCULATE CHANGE IN VARIABLES ACROSS CONTACT SURFACE-----
c
IF(CNTACT.EQ.322) THEN
QQ(I2(1)-1) = QQCALCIQA,AA,SA)
RR(TI2(1)-1) 3 RRCALCIGA,AA,SA)
S(I2(1)=-1) = SA
AlT2011-1) = AA
QUI2t11~1) = QA
ELSE
Q8 = QA
AB = AA
SB = SA
SA = S(12t12)-2)
CALL CSJUMP(AB,QB,SB,SA,G2,QA,AA)
QQAA = QQCALCIQA,AA,SA)
RRA = RRCALCIQA,AA,SA)
c
C =eee- INTERPOLATE TO NODE(I2(2)-1) AND ASSIGN CORRECTED VALUES-==--
c
IF (I2(2).EQ.2) THEN
CALL BBODRY(RRA,QQA,SA,RR(I2(2)-1),QQ(1T2(2)-1),
c SII26(2)-1),A11202)-1),Q(I2(2)-1))
ELSE
CALL INTERP{RRA,RR(I2(2)-2),QQA,3Q(12121-21,54,
c SII2(2)=2),XA12),(XA(2)+H},RRITI212)-1),
4 c QR(I262)-1),5(1212)-1),A1T2(2)-1),
[of AUI2(2)=-1))
ENO IF
END IF
c

€ +~-SHOCK ON LEFT, HEADED LEFT, DOESN'T CROSS NODE, OR ON RIGHT,~---
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7. 2
P EEE,

C ---MEADED LEFT, CROGSED NOBDE) MDD COMTACT ON RIGWT, MEADED LEFT,---
C --~CROSSES MOOE OR NOT: OR SMOCK OM LEFY, MEADED AIGHT., DOESN'T---
C ---CROSS NODE, AMD CONTACTY ON RIONT, MEADED LEFY, CROSSED NODE---
C
CLSE IFCI(SNOCK .EQ.332.0R.SHOCK . 8@ . 231 ). AND. (CNTACY . £Q.232.0R.
< CNTACT .£Q.231)).0R. (SHOCK . £Q.322 . AND .CNTACT . £Q.231 1)
< THEN
c
C ~~---DETEMONE NODE TO RIGHT OF SHOCK AND CONTACT SURFACE-----
c
I201) = LNOOE! 1)
1212) = LNOOEI 1}
CALL OELTAXIIZ2,SIGMA,XB.XA,H)
c
C e==e- EXTRAPOLATE "O LEFT FACE OF SHOCK-~---
¢
IF t1201).£Q.2) THEN
CALL BBORYIRR(1),QQ011),3(1),RRA,QQA,SA,AA.QA)
ELSE
CALL EXTRAPIRR(I2(1)-1),RRII211)-21,QQ(1212)~-1),@GQ122111-21,
c SiI211)1-1),81 T211)=2),XA0 1) ,H,RRA,QQA ,SA ,AA , QA )
ENO 1P
c
C ~===-CALCULATE CHANGE IN VARIABLES ACROSS SHOCK-----
c

IF(SHOCK .€Q.322) THEN
AB = AA/AR
SAl ® (Gl/G)1™0LOG! (2. DOONGE(MEn? )-G+1.000) / 1G+1.000))
SAZ = Gl*OLOG(((G-1.000 1niNu®21¢2.000) / (1Ge? DOQO'»

o (W2 1))
SB = SAeSAL+SA2
UA = QA - VS
UB s UA - AB#0Q
QB » US + VS
ELSE
CALL SKUAMP(AA,QA,SA,AR,DQ,VS,6.G1.,M,AB,Q8,58"
END IF
[
C ===-=CALCULATE CHANGE IN VARIABLES ACROSS CONTACY SURFACE-----~
[«
IFICNTACT . EQ.232) THEN
QQ(1211)) » RQQCALC! QB ,AB.SB)
RRII211)1 » RRCALCIQB.AB.ZB )
SI1I2¢11) = S8
ACI201)) = AB
QiI2(1)) » Q8
ELSE
QA = QB
AA 3 A8
SA s SB
S8 3 3(I2121e])
CALL CSJUUMP1AA,QA,SA,58,G62,08,A8)
QQ8 = QQCALCIQB,AB,S8)
RRB = RRCALCI(QB,AB,S8)
c
€ «-==-INTERPOLATE TO NODE(I2(2)) AND ASSIGN CORRECTED VALUES-----
[
IF (1212).EQ.N) THEN
CALL BBORY(RRB,QQ8 ,SB,RRI1T2(21),QQ(I2(211,81T1212),
C ALTI212)),Q0I2020))
ELSE
CALL INTERPI(RRB,RR{I2121411,0Q8,3Q(T2121+1),58,
c SIT202)¢1),XBI2),(XBI2IeH),RRII2(2)),
Cc QAUI2021),8(1202)),A132(2)),Q1T212)))
END IF
ENO IF
END IF
60 T0 40
c
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ao0On 0ono OO0

o0

==c=<BRANCN WERE IF LNODE AND RNODE ARE CLOSE ENCUGH FOR SHOCK~-=-=-
ceeea=AND CONTACT SURFACE INTERACTION~~----

LEFY NODE:

~««SHOCK OM RIGHT, MEADED RIGHT, JUMPS NODE WITH CONTACT ON LEFT---
~==NEADED RIGHT, ARMPS NOOE OR NOT) OR NO SHOCK WITH CONTACT ON ~--
~==LEFT, WNEADED RIGHT, JAMPS NOOE---

RIGHT NOOE :

~==SHOCK ON LEFT, HEADED RIGHT, JMPS NODE WITH NO CONTACT SURFACE---

20 IFC(ILNODE(2).EQ.221).AND.(LNODE(3) . EQ.321.0R.LNODE(3).EQ.322))
c .OR.(LNODE(2) EQ.100.AND.LNODE(31.EQ.321)) THEN
IF((RNOOE(2).EQ.521 /.AND.(RNODE{3).EQ.100) THEN

~e==-0ETERMINE NOOE TQO RIGHT OF SHOCK AND CONTACT SURFACE-----
I211) = ANODE(]1) + 1

IF(LNOOE(2).EQ.322) THEN
1212) » LNODE(1)

ELSE
I2(2) = LNODE(1) » 1
END IF
CALL DELTAX(I2,SIGMA,XB,XA,H)
~ee=-EXTRAPOLATE TO RIGHT FACE OF SHOCK~-----
IF (I2(1).EQ.N) THEN
CALL BBORY(RR(N),QQ(N},S(N),RRS,Q3Q8,58,A8,08 )
ELSE
CALL EXTRAP(RR{I2(1)),RRIT2(1)1+11.QQUI2(1}11.GRII2(1)e1),
[+ StI202111,8(12t11¢1),ABi1),4,RRB,QQ8,58,A8,08)
END IF
«e===CALCULATE VARIABLE CMANGE ACROSS SHOCK=-=-==
CALL SKUUMPIAB,Q8,5S8,AR,0Q,VS,G,G1,M,AA,QA,SA)
----- OETERMINE CORRECTED VALUES AT NODE(I2(1)-1) AND ASSIGN THEM-----
IF(LNODE(2).EQ.100) THEN |
Q@GA = QQCALCIQA,AA,5A)
RRA = RRCALCIGA,AA,3A!
----- INTERPOLATE 7O NOOE!I2111~1) AND ASSIGN CORRECTED VALUES---=-
{
IF (I20(1).€Q.21 THEN 1
CALL BBORY(RRA,QQA,SA,RR(I2(1)-1),0Q11211)-11,
c S(I201)-11,A112(1)-1),Q(T2(1)=1)}
ELSE !
CALL INTERP(RRA,RR(IZI11-2),0QA.QQ112(11-21,54, ‘
c SUT201)=2),AA1 11, i XAt 1ieMI1,RR1IT2¢1)-1,
c QQII2(1)-131,5(T2(11-11,A022(21-11,
c QEI201)-11)
END IF
----- EXTRAPOLATE TO RIGHT PACE OF CONTACT SURFACE-----
IF (1202).EQ.N) THEN
CALL BBORY(RR(N1,QQ(N),SINI,RRB,Q3G8 ,58,AB,a8 |
ELSE
CALL EXTRAPIRRII212)),RRIT2(2)¢11,8Q1T2(2))1,3Q1I2t2)1+11,
c 30120211,5i 1202141 1,XB12),H,RRB ,3QB ,S8,a8,38 |
END IF

ELSE

QGQrI211)1-1) s PQCALCI(QA,AA,SA)
RR(IZ2(11-1) = RRCALCIQA,.AA,3A
SUI2(11-1) = SA
AlTI2(1)~-1) = AA
QII2(1)-1) = QA
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QQUI2N2)) = 9QII212)-1)

' RR(I2(2)) = RRII211)=1)
¥ S(I2(2)) s $(I2(1)-1)
: ALI212)) s A(TI2(1)-1)
QUI2(2)) = QI2(1)-1)

..:.2 IF(LNDDE(S).€Q.322) THEN
R
oy

' €0 TO &0
v QD = QA
Sl AB = AA
B S8 = SA
‘ END IP

END IF
SA » S(12121-2)

Y *' CALL CSUUMPLAB,Q8.,58,5A,62,Q0A,AA)
LA QQA = QQCALCIQA,AA,SA)
:: " RRA & ARCALCIQA,AA,SA)
X c
::' € ~-==-INTERPOLATE TO NOOE(I2(2)-1) AND ASSIGN CORRECTED VALUES-----
oy c
IF (12(2),EQ.2) TNEN
CALL BBORYIRRA,QQA,SA,RR(T2(21-1),@Q(12(2)-11},
e ¢ S11212)-1),A11212)-11,Q(12(2)-1))
o ELSE
:;* CALL INTERP(RRA,RR(12(21-2),0Q04,QQ(12(2)1-2),84,
R c SII202)-27,XA02),1XA(2)+H),RRITI2(2)-1),
;::, c QQUI202)-1),8(12(2)-1),A112(2)-1),
' c QI2(2)-1N
END IF
N END IF
t'.;‘k [
gl C LEFT NOOE:
o, € ---SHOCK ON LEFT, HEADED RIGHT, JUMPS NODE WITH NO CONTACT---
e € RIGHT NOOE:
el € -=-NO SHOCK, WITH CONTACT ON RIGHT, HEADED LEFT,JUMPS NOOE---
vt c
€LSE IF((LNODE(2).EQ.321).AND.(LNODE(3).EQ.1001) THEN
s IF({RNODE(2).EQ.1001.AND. (RNOOE(3).£Q.231)) THEN
o c
)
L € -----DETERMINE NOOE TO RIGHT OF SHOCK AND CONTACT SURFACE-----
'l‘.' (o
an 12(1) = LNODE(1) + 1
SOy I212) = RNODE(1)
y CALL DELTAX{I2,SIGMA,XB,XA,N)
c
" C -~==-CALCULATE JUMP THROUGH CONTACT SURFACE THEN SHOCK-=--=
) c
A > IF(T201).8Q.112(21-1)) THEN
i AA = ACT2010)
Rk QA = QUI211))
o SA = S(I211))
SB = S(12(2)1e1)
CALL CSJUMP(AA,QA,SA,SB,G2,08,AB)
&" m L J NCALC!OO.AD.SBI
.,.r. RRB = RRCALC(QS,AB,SB)
> c
)
- -”.ﬁ € -----INTERPOLATE TO NODE(IZ2{2)} ANO ASSIGN CORRECTED VALUES-----
5 ¢
A IF (1202).EQ.N) THEN
CALL BBDRY!(RRB,QG8,SB,RR(12(2)),QQ11212)),8(12(2)),
— c A(I202)),Q012121))
tagdy ELSE
1% CALL INTERP(RRB,RR(I2(2)+1),QG8,0Q!I2(2)+1),58,
.J,:, c SUI202)161),XBL2),(XBI2Z)+H),RRIT2(2)),
v c QQIT21211,511202))1,A1121211,Q(121211)
IND IF
o AB = A(I211})
Q8 = Q(I2011)
SB = S(I2(1))
.
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¢

CALL SKANMP(AS,48,88 ,AR,0Q,V3,8,681 ,M,AA,QA,834)
QBA s QECALCIQA,AA,SA)
RRA = RACALCIGA ,AA,8A)

C ====-INTERPOLATE TO NODE(I2(1)-1) AND ASSIGN CORRECTED VALUES-----

¢

OODOHOO

ann

(s Na N,

RIGHT NOOE :

st

N IF

IF (I1201).2Q.2) THEN

CALL BOORY{RRA,QQA,8A,RR(I2(1)-1),00(I2(1)-1),
S(I2ML -1, A02201)-1),Q11211)0-2))

L3¢

CALL INTERPIRRA,RR(I211)-2),004,0Q9(1211)-2),834,
SIT20L)-2) ,XAIL ), (XALLIeM ), RRET21LH-11),
QQII2(1)=1),50221)=11,A012¢21-11,
I20-1 1)

N I

MiI2I1)-1) = RAII2(1)-2)
WR(I2(1)-1) » QQII212)-2)
SII21)~-1) = S12211)-2
AII2(1)-1) = A(Z2(1)-2)
QI21I-1) » QUILLY)-2)
RR(I2(2)) & RRIT2 L 10
QQI2I2)) « QOLI212)e))
SIT202)) = SiI212)e) 1}
ALI202)) & AT212)e00
QI2UL)) o QII212)0e))

==-SHOCK ON RIGHT, MEADED LEFT, AMMPS NOOE WITH NO CONTACT---

LEFT NOOE :

«==NOQ SHMOCK, WITH CONTACT ON LEFT, MEADED RIGHT, AMPS NOOE---

ELSE IF(IMNODE!2).EQ.251).AND.IRNODE ! 31 .£@.100 1) THEN
IFCLILNODE(2).6Q.100) . AND. I LNOOE!3).£9.321 1) THEN

*===-0CTEAMINE NOOE TO RIOGHT TO SMOCK AND CONTACT SURFACE-----

I201) = ANDOEI 1)
1202) » LNOORI1) ¢ ]
CALL OELTAXII2,SIGMA . XB . XA K}

FPEI2102).8Q.(2201)-1)1) THEN

AD = ALT2120)

B s Q2N

S8 s S112121)

SA & SU1T2121-2)

CALL CSUUMP(AB.Q8,38,3A,G2,QA,A4)
QQA = QACALCIQA,AA,SA)

RRA = RRCALC(QA,.AA,3A)

----- INTERPOLATE TO NOOE(I212)-1) AND ASSIGN CORRECTED VALUES-----

[a N aNsl

IF (1202).8Q.2) THEN

st

CALL BBOAYIRRA,QQA,SA,RRI2212)-1),QQ11212)-1),
SII212)-1)1,A1T7202)-11,@012¢2)-1))

CALL INTERP(RRA,RRIT212)-2),Q0A,0Q11212:-2),%4,

END IF

SIT22 =21, A1 21,1 XAL2 oM 1. AR T2t 20-1),

QUI202)-1),511212)-1),A112(2)-1),

Ql2i2)-1 1)

AA * ALT212 01
QA = QUI2N2))
SA = S(12(2))
CALL SKAMP(AA,QA,3A,AR,DQ,VS,5,G1,M,AB,Q8,58 )
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- |

QD = QUCALCIED.AB.98)
RAD = ARCALCIAD 40,30 )

[ 4
€ «-==-INTERPOLATE TO NOBE!I211)) AN ASSIGN CORRECTE® VALRS-----
¢
TP 13201).8Q.4) THEN
CALL GODRYIRAS . Q00,90 . AR(I2(1)),Q0(T2(1)),8(1211)),
(4 ALIRM1)),@E201 000
({¢7 ]
Vs CALL INTERP(RAS AR I2(1)¢2),Q08,Q0(I2(11¢11,88,
Ny, ¢ c SIT201)e1 ), XBI1), )DL IeN) ,RAIT2I1)D,
O ¢ O 12011),801201)),A0T2010),QU1201 141
[ o Ir
(1% ]
RRIT2L2)-1) s ARIT202)-2)
e QRIIZI2I-11 o QQIT212)1-2)
o SIT22)-1) = S1L2121-2)
e ALI2U2)-11 o AIT2121-2)
RR) QI22I-1) = QUI202)-2)
) ARIT211)) « AAET21L )0l
' QRUI2IL)) o QAUIZI)ed)
SII20))0 o S1L21Y 10}
ATI20L)) & ALT200)ed
QI2LL) o QiI2tl el
. ™o 1r
v, e Ir
N ¢
* C RIGNT NOOE
C --~SMOCK ON LEFT, HEADED LEFY, ANPS NOOE WITH CONTACY ON AIGMT--- ;
C ---4EADEOD LEFT, 0OES NOT CROSS NOOE OR NO 3MOCK WITH CONTACT ON--- |
__ C ---AlGWT, HEADED .EFT, CROSSED r0DE--- ‘
W C LEFT NOOK -
KMy C ---SHOCK OM RIGHT, NEADED LEFT, AMMPS NODE WITH NO CONTACY---
Yo (4
ol GLSE [P 1 ANDDEI 2 ' . £Q.3%1) AND. (ANDOR!3 1. EQ.231.OR ANOOE( 3 ). £Q.
Al C <3211 ON . ANDOE(2).09.100 AND RNOODE 3 1.£Q.231 1) THEN
IPLILMDORI 2) . EQ.23) ) AMD.(LNODE(3).8Q.100)) THEMN
¢
"y € ----- OCTERMINE NDOE TO RIGHT OF SMOCK AMD CONTACT SURFACE-----
N C
‘\'f 1211)  LNDORI L)
. IFIAMOOE! 3 1 . §Q.232) THEN
- 12021 » wOORI L) o+ |
. e
12121 = ANDOR! L)
. tND IF
,l C‘LL ”LY“‘!'."“.‘.“.“I
Lt c
e € ----- OTRAPOLATE 7O LEFT FACE OF SMOCK - ~---
" c
0 IF 11201).00.2) THEN
’ CALL m"..‘".“‘llp"lll..‘o“‘.“n“l“l
Lt
CALL EXTRAPIARIT2011-1 ), AMIT2¢11-2),0Qt22(),-11,@@1L2(1)1-21,
ot c SIT2010-3),3012011-21,XA011,4,RRA,QQA,SA,AA, QA
" TNo Ir
Vi c
o C -=v-- CALCULATE /ARIABLE CHANGE ACROSS 3MOCK -----
. 4
CALL SKAMP(AA,QA,3A,AR,DQ,VS,G,G1,M,AB.08,58 )
C
“a € ----- DETERMING CORRECTED VALUES AT NODDE(I2(1)1) AND ASSIGN THEM-----
¢ 4
: I71RNOOE(2).€Q.100) THEN
‘i QQ8 * QQCALCIGS .AB .58 )
» vy ARS » RRCALCIQB.AB,58 !
s ¢
C -<=<~-INTERPOLATE TO NOOEII2(1)) ANO ASSIGN CORRECTED VALUES-----~
b 3
|."
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IF (Z2¢1).8Q.N) THEN
CALL BODRYIRSS ,008,S8 ,RR(I2(1)),00i22(2)),8132011),

c ALTIT(1 ), QUI212)))
tLst
CALL INTERPIRAS .RRII2(1)¢1),008,00112(1)¢1),38,
c SIT201)61),XBL1),(XBILION ), RRIT2ILN),
c QMIRL)1,812211)),A0220(2)),Q1228(2)))
0o I’
[ 4
C ====-EXTRAPOLATE TO LEPT FACE OF CONTACT SURPACE-~----
c
IF (1202).0Q.21 THEN
CALL BBORYIRAI1),0Q¢11,8(1),ARA,QQA,34,AA,QA)
ELse
CALL EXTRAPIRRIT2(2)=1),RARLI2121=-21,0Q112121-1),@Q1T2121=-2),
c S‘XZ'Zl-ll-Stllll'-Z).ulZI.H.RRA-NA.SA.M.QAI
EIND IF
st
QR I201)) o QUCALCIOD,AD.38)
RAII201)) o RRCALCIQB.AB.SB)
S112111) = 8B
ALI201)) o AB
QI211)) = QB
IFIRNOOEt 3 ). 8Q.232) THEN
RR(TI2ELIed) = ARIIZ2IY))
QQUITZIL)Ie)) = QQUI201))
S(I21)el) = S12212 )3
ALT20L el ) & AITI2NLY)
QITLLIel) o QUI21YL))
Q0 TO «0
nsse
A = @@
AA = AD
SA * 3B
END P
IND P
S o SiI202)e1) i
c !
C «===<CALCULATE VARIABLE CMANGE ACROSS CONTACT SURFACE-----
¢
CALL CSAMPI AA,QA,3A4.58.62,00.A8 !
QA8 * CALCIQD,AD.SB )
RRS ¢ RACALCIQB,.AB,S8 )
c
C ewwe- INTERPOLATE "O NODE(TI2t21) AND ASSIGN CORRECTED VALUES~-==-
c
IF (X212).8Q.N) THEN
CALL BBORYIARS ,QQ8 ,S8,.RRII2(2)),A0I212)),8(T2(2 N, ‘
2 AMI2121),Q12121) !
0t '
CALL INTERPIARS .AR1I1212101)1,008,0Q(12(2)+1).58,
C SUIZ1LIe) ), XBI2)1,(XBI2 oM ) ,RR(TI212)),
c QRUI2(2)),S(T2(T )i, ACLT2021),QUI2t1211)
END TF
END IP
0o 1°f
Q0 70 «0
¢
C === BRANCMN MERE IF THERE ARE ONE OR THO NOODES TO CORRECT, BUT THEY ---
C ==~ ARE SEPERATED BY MORE THAN 2M. CHECX POR SHOCK/CONTACT SURFACE---
C === INTERACTION, AND CORRECT APPROPRIATELY ---
(4
30 NOOE = LNOOE!(1)
SHOCK = (NOOE(2)
CNTACT = _NODE(3)
c
C === ND SHMOCK, CONTACT SURFACE ON LEFT, WEADED RIGHT, JUMPS NOOE ---
c

35 IF((SHOCK.EQ.100).AND.(CNTACT.EQ.321)) THEN
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J202) » NODE ¢ }
CALL DELTAX(IZ,SIOMA D, ,XA,N)
¢
€ ~====CNECK FOR A SNOCK INTEZRACTING MITH CONTACT SURFACE AT NODE-----
c
IPCISIOMA(L,2).LT.IX2U2)eN) ). AND.
[+ (SIGMAI1,2).87.(X2(2)))ITHEN
AB = AlLT212))
@ = QI202))
S8 » S(I212}))
tLse
c
C -=~=<-EXTRAPOLATE TO RIGHT FACE OF CONTACT SURFACE--~--
c

IF (I202).8Q.N) THEN
CALL BBORY(RRIN),QR(N),SIN}.RRB,QQ8 ,58,A48,G8 )

gLsE
CALL EXTRAP(RRIIZ(21),ARIT20(2)1),0Q(22(211,Q0Q112(21)e1),
c SI1212)),311212)41),XB12),H,ARRS,0Q8,58 ,48,3Q8 )
END IF
END IF
SA = S(I212)-2)
c
C === CALCULATE VARIABLE CHANGE OVER CONTACT SURFACE ---
c

CALL CSUUMP(AD,Q0,38,3A,62,0A,AA)
QQA = QQCALCIQA,AA.SA)
RRA = RRCALCIQA,AA,S$A)

c
C =~~~=-INTERPOLATE YO NODE(I2(2)-1) AND ASSIGN CORRECTED VALUES-~---
c
IF (12012).2Q.2) THEN
CALL BAORY!MRA.QQA,SA.RRII212)-11,QQ112(2)-1),
c $11212)=-11,A112121-11,Q(22121-11)
ELse
CALL INTERP(RRA,AR(I212)-2),QQ4,001T212)-2),84,
$11212)=2), %A1 21, XA 2160 ),ARIT2121-1),
QQUI212)-1),8(1212)-11,A1TI212)-1),
QI2t2)-1 )}

oo

END IF
c
C -== NO SMOCX, CONTACT SURFACE ON LEFT. HEADED LEFT, JUMPS NOOE ---
c
ELSE IFI(SHOCK.EQ.100).AND.(CNTACT.E£Q.231)) THEN
121 2) = NOOE
CALL DELTAXIIZ,SIGMA,XB,XA,NH)
c
C -=-===CNECK FOR A SHOCK INTERACTING NITH CONTACT SURFACE AT NOOE-----
¢
IFL(SIGMALL, 21 . GT.IX212)-12.000%H )) ) AND.ISIGMAI1,2).LT.
c iX212)-H1)) THEN
AA = ALI2(2)-1)
QA = QUI2023-1)
SA ® $(I202)-1)

ELse
c
C =-===EXTRAPOLATE TO LEFT FACE OF CONTACT SURFACE-~=---
c

IF (1202).8Q.2) THEN
CALL BBONY(RR(1),QQ(1),S(1),RRA,QQA,SA,AA,Q4)

ELSE

CALL EXTRAPIRR{I2(12)-1),RR(T2121-2},Q9Q112121-1),QQ11212)-2),
c S(T202)-11,8(1202)-2),XA12),H,RRA,QQA,SA,AA,QA)

END IF

END IF

S8 s S1I20213e1

CALL CSJUMP(AA,QA,SA,58,62,Q08,A8)
QQ8 = QQCALCI(QB,AB,S8)

RR8 = RRCALC(QB,AB,SB)
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c
€ ====-INTERPOLATE TO NODE(IZ2(2)) AND ASSIGN CORRECTED VALUES-----

[4
I7 (3212).8Q.N) TN
CALL BBOAY(RAS , 90, S8, RRIT2(2)),QQ(I212)),8(T2(2)),
c AlT212)),Q(12(2)))
ELSE
CALL INTERPIRRB,RR(1212)+1),008,00(I2(2)+1),S88,
c SI(I2(2)41),XBL2),(XBIL2)eN),RR1I212)),
C QAUI2121),8(12(2)),A11202)),Q(T212)))
END IF
c
C ===~ SHOCK ON LEFT, HEADED RIGHT, JAMPS NODE WITH NO CONTACT --~
c
ELSE IFLISHOCK.EQ.321).AND.ICNTACT .EQ.10011 THEN
I201) = NODE + L
CALL DELYAXIIZ,SIGMA,XB, XA N)
c
€ ==~=<CHECK FOR A CONTACT SURFACE INTERACTING MITH SHOCK AT NODE--<--
c
IFLISIGMAI2,2).LT. (X201 )¢H)) AND.
c (SIGMAL2,2).GT7.1X2(11)1)) THEN
ABD 8 AILT2(1))
QB = QI21))
P = S(I2(1))
ELSE
c
C =~==-EXTRAPOLATE TO RIGHT FACE OF SHOCK~~---
[
IF (I2(11.EQ.N) THEN
CALL BBORY{RR(N),QQ(N),SIN),RRB,QQ8,38,A8.,Q0)
ELSE
CALL EXTRAP(RRII2(1)I,RRIT2(13+11,QQ(T2(111,QQ(T2t111),
[ SIT201)1,811211)41),XB11),H,.RRB,QQ0,58,AH,G8 )
ENOD IF
END IF
c
C === CALCULATE VARIABLE CHANGE ACROSS SHOCK ---
Cc
CALL SKJUMP(AB,Q8,58,AR,0Q,VS,G,G1,H,AA,QA,3A)
QQA = QQCALCIQA.AA,SA)
RRA = RRCALCUIQA.AA,SA)
c
C ~~==-~INTERPQLATE TO NODE(I2(1:-1) AND ASSIGN CORRECTED VALUES--~---
C
IF 1I211).8Q.2) THEN
CALL BBDRYIRRA,QQA,SA,RR(1211)-1),0Qi1211)-1),
c SII2011=1),A0T211)-1),Q(T2(2)-11)
ELSE
CALL INTERP(RRA.RR{I2(11-2),QQA,8Q112111-21,S54,
Cc SII2111-21,XA11),(XAL1)+H),RR{L2(1)-1),
[ QQ(I2(1)=1),8(T2(1)=-11,A0F2(20-1),
C QI2(1I-1D)
END IF
[ <
C -~< SHOCK ON RIGHT, HEADED LEFT, JAMPS NODE WITH NO CONTACT SURFACE--
c
ELSE IF((SHOCK.EQ.231).AND.(CNTACT.€Q.100)) THEN
I2t1) s NODE
CALL DELTAX(I2,SIGMA,XB,XA,HN)
IF((SIGMAI2,2).GT7.(X2(1)~-(2.DOO*H))) . AND.ISIGMAL 2,2).LT.
c (X2(1)=-H))) THEN
AA = AlI2(1)-1) .
QA ® QI2(1)-1)
SA * S(I2(1)-1)
EL3E
(<
€ =~==-EXTRAPOLATE TO LEFT FACE OF CONTACY SURFACE~----
c
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4

IF (12(1).8Q.2) TMEN
CALL SBORY(RR(1),38(1),3(1),ARA,Q04,54,44,04)

LSt

CALL EXTRAPIRR(IZ(1)-1),RR{T2(1)-2),08(12(1)-1),QQ(22(1)~-2),
4 SIIR(1)=1),81TI2(1)~2),XA(1),H,RRA,QQA,S4,AA,QA)

"o Ir

END IF

=== CALCULATE VARIABLE CHANGE OVER SHOCK ~--

[ X2 X,

IF(I201).8Q.N~11 THEN
END IF
CALL SKJUMPIAA,QA,SA,AR,DQ,VS.G,GLl,4,AB,Q8,58)

~==--0CTERMINE CORRECTED VALUES AT NODE(I2(1)) AND ASSIGN THEM-----

onn

IFITI201).8Q.N-1) THEN

END 1P
Q8 » QACALCIQB,AD,S8)
RRS = RRCALCIQB.,AB,SB)

c
C -=~--INTERPOLATE TO NOOE(I2(1)) AND ASSIGN CORRECTED VALUES-~-~=-~
c
IF (T211).EQ.N) THEN
CALL BBORY(RRS,QQ0,S8,RRII211)),0Q(22(1)),8(12(1)),
c ALI2(1)),Q(I2(1)))
ELSE
CALL INTERP(RRS,RR(I2(1)+1),0Q8,0Q(I2(1)+1)},58,
c S(I211)e1),XBI1),(XBIL)eH),RRIT2(1)),
c QRIEI2(1)),S(I211)),ALI2010),Q1T2(1)0 )
END IF
END IF
c
C -~~~ CHECK IF SECOND NODE NEEDS CORRECTING IF SO LOOP SACK AROUND ---
c

IF(RNOOE(1).£Q.0) GO TO &0
NOOE = RNOOE(1)
SHOCK = RNODE(2)
CNTACT = RNODE(3)
ANODE(11 = O

GO TO 35
40 RETURN
END
c
SUBROUTINE DELTAX(IZ,SIGHMA,XB XA H)
c
[ of TN HNHHNHHHHENHHNHNHHH N HHEHO I N
[ | ] »
= ®  LOCATE DISCONTINUITY WITHIN INTERVAL SUBROUTINE  »
c » »
C SIS0 20000 2050000000000 S0 S-S 00 -0 P00 S0 003090 300000 200050 34008 3030 300090 D06 0%
c
DIMENSION 1216),SIGMAI®,2),XBI&),XA14),X2(4)
INTEGER I2
DOUBLE PRECISION SIGMA,XB,XA,H,X2
%2(3120.000
X2(4120.D00
c
C -+~<--CALCULATE DISTANCE NOOE TO RIGHT OF DISCONTINUITY IS FROM LEFT, --
€ -----BOUNDARY OF TUBE THEN DETERMINE OISTANCE FROM THIS NODE I21%)---- |
€ -emce- TO OISCONTINUITY AND OISTANCE FROM NCOE TO LEFT OF DISCONTINUITY- ‘
€ -~=~-TO THAT DISCONTINUITY-----
c

X2(1) = DBLE(I2(1)-1) » N
MBI1) = 1X21{1)-SIGMA(1,2))
XACLl) 3 iH-<Bil})

~===yCALCULATE SAME VALUES FOR CONTACT SURFACE-----

c
c
c
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X2L) o DBLE(T2(2V-1) » N
MBI2) s (X212)-S1IQMA(2,2V)
XAIL2) = (N-XBIT))

RETURN

(L]

SUBROUTINE SKARNMP( ADN, 80N, SON,ARATIO ,DELTAQ, VSHOCK ,6,81 .M,
c AP ,QUP ,SUP )

]
§
|

----- VARIABLE OEFINITIONS -cccccccceen

#0N - VARIABLE DOWNNSTREAM OFf SMOCK
ARATIO - SPEED OF SOUND RATIO
DELTAQ - VELOCITY JUMP ACROSS SHOCK
#UP - VARIABLE UPSTREAM OF SHOCK
VSHOCK - SHOCK VELOCITY

OO OOODONHNOHD
[]
[]
[]
[
1
[}
[]

OOUBLE PRECISION ADN,QON,SDN,ARATIO,DELTAQ,VSMOCK,G.61,M,
C AUP ,QUP ,SUP ,SA1,SA2 ,UDN , P

~==e=CALCULATE THE SPEED OF SOUND CHANGE THRU SHOCK-~---
AUP = ADNRARATIO

====<CALCULATE THE ENTROPY CMANGE THRU SHOCK--=~--

[a NeNel ono

SAl s (Gl/GI1ROLOG((2.0000GR(WN#%2)1-G+1.D00)/(Ge¢1.D00))
SA2 = GlROLOGI((G-1.000 1%(mun2)e2)1/((Ge+].000 1% (Muu2)]))
SUP s SDN - SAl ~ SA2

»====CALCULATE THME VELOCITY CHANGE ACROSS SMOCK-----

(s NaNe)

UDN = QON - VSHOCX
UUP = UDN + ADNR®DELTAQ
QP = UUP + VSHOCK
RETURN

ENO

SUBROUTINE CSJUMP(ADN,QON,SDN,SUP,G2,QUP,AUP )

SHIEIHIE SIS IS S ST IS Y T
» ]
L] CONTACT SURFACE JUMP SUBROUTINE hod
" "
SHEIHIEIEIHIEE 50 005 0000 THE SN HEHEHEHHHEHE

OOUBLE PRECISION QUP,QDN,AUP,ADN,SUP,SON,G2

~ee==CALCULATE THE SPEED OF SOUND CHANGE ACROSS THE CONTACT SURFACE--~
~==-=NOTE: THE VELOCITY IS CONTINUOUS ACROSS A C.S.--=--

o000 ONNOOOO (2]

QP = QON

AUP = ADN » DEXP((SON-SUP)/G2)
RETURN

END

SUBROUTINE EXTRAP(RRL,RRR,QQL,QQR,SL,SR,0X,0H,RRINT ,QQINT,SINT,
c AINT,QINT)
TEIIEJHIE 030 200030 26 3096 336 38 30 38 36 5656 96 26 36 3 36 J630 T 30TH00-0-16 36 36 36 3630 SE-3 36336 36 F- - I600 HEIE 98 3¢ 96 408
» »
» EXTRAPOLATION SUBROUTINE L
» » .
FHHHEHHEHHEHHHHHEHHHHHOHHEHHHEHEHE G EHEIHHE I HHHE

(s N NpNeNel
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Py

SOABLE PAECISION ARL ARG .QOL . 00N, 3L, 3R, 0% , DN ,ARINT ,QQINT ,SINT,

(< AINY .QINT
[ 4
C c~==-AEINAN VARIABLES ARE EXTRAPOLATED, AND TME CORRESPOMDING-----
C ~--<--vVALUES FOR VELOCITY AND SPEED OF SOUND ARE CALCULATED-----
[ 4
AMINTY = ARL - (DX o (ARA-ARL )/DN )
QRINT = QUL - (DX » (QOR-G8L }/DM)
SIMNY o S - (DX » (SR-SL I/DM)
AINT s (QOINT-RRINT )/{2.0000SINT )
QINT = [QQINT+RRINT 1/12.000)
M TURN
END
c
SUBROUTINE INTERPIRRL . ARR,QQL ,QOR ,SL ,SR,0X,0H . RRINT ,QQINT ,SINT,
Cc AINT ,QINT )
c e "t
¢ [ »
c " INTERPOLATION SUBROUTINE »
c - [
< [ 1 » » * - 30500000 ¢
<
ODOUBLE PRECISION RRL,RRR,QQL,QQR,SL,SR,DX,DH,RRINT ,QQINT ,SINT,
[ AINT ,QINT
c
C ====<REIMAN VARIABLES ARE INTERPOLATED, AND THEIR CORRESPONDING-----
C =ee=- VALUES OF VELOCITY AND SPEED OF SOUND ARE CALCULATED-~~--
C
RRINT = RRL - (DX » (RRL-RRRI/DH)
QQINT s QQL ~ (DX # (QQL-QQR }/7DH)
SINT = SL - (DX # (SL-SRI/DNH)
AINT = (QQINT-RRINT I/(2.D00O®SINT )
QINT = (QGINT¢RRINT I/2.000
RETURN
END
c
SUBROUTINE OBURSTIN,H,QQ,RR,S,6,61,62,DELT,I2,X2,H,AR,DQ,VS,
BLNPRES,SIGMA,A,Q)
[ o
C TR I -8 38 30 3030 3630 30 303098 I EIH TR I I HHERHEIHE I8 33 %
C » »
c L) DIAPHRAM BURSTING SUBROUTINE »
[ ™ »
c I I 36303 3 3-8 SIS TSI I DI 636 S0 36 3030 36 3 36 S ¢
C
INTEGER N,I,Y,12,L,SHKOIR,CSDIR,LWNPRES
DIMENSION X2(4),RR{N},QQ(N),SI(N),I2({4),SIGMA(4,2),A(N),Q(N)
DOUBLE PRECISION X2,X,H,AB,SA,SB,AA,QA.GB,QQA,QGQ8,RRA,RRB,SIGMA,
c RR,3Q,S,TS,H,DQ,AR,PR,G,G1,G2,VS,DELT,CSRMN, A,
< Q,MREIMN,DREMN,EREIMN,NHN,SA),SA2,SAP,SBP,XB XA
[
c +44¢49¢4¢ LOCATING THE NCODE TO THE RIGHT +¢¢d¢4s4see
o
DO 10 L=1,4
SIGMA(L,1)=SIGMAIL,2)
Y=0Q
X=H
I=2
11 IF (.NOT.(Y.EQ.0)) GOTO 10
IF (SIGMA(L,1).LT.X) THEN
X2(L)=X
I2(L)=]
h v=1
END IF
. X=X+H
Ial+l
GOT0 11

10 CONTINUE
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c
c *2e600000000¢ CORRECT FOR DIAPHRAM BURSTING +4+o¢¢404004449

c

c

C =e==<AT TIME ZERO DETERMINE CORRECT SHOCK DIRECTION=--==-

----- SHXDIR = 3 IS A SHOCK HEADED LEFT, AND SHKDIR = 2 IS SHOCK=~=-=~

€ -----TRAVELING RIGHT=--~--~
c

(g}

IF(LAPRES.EG.3) THEN
SHKDIR = 3
X2(1) = X2(1)
I2(1) = I2(1)
X202) = X212)
I212) = 1202)
GO TO 20

[ I |
XX

ELSE
SHKDIR = 2
END IF

20 RRA=RR(I2{1)-1)
RRB=RR(I2(1))
QQA=QQITI2(1)-1)
QEB=QQ(I2(1))}
SA=S(I2(11-1)
S8=S(I2(11)

21 AB=(QQB-RRB)/(2.000%58)
AAS(QQA~-RRA)/12.D00%SA)
IF(SHKDIR.EQ.3) THEN

MREIMN 3 (RRB-RRA)/AA
OREMN = DABS(IMREIMN]}
ELSE
MREIMN = (QQA-QQB)/AB
DREMN = MREIMN
END IF

C =e==- ITERATC FOR PROPER VALUE OF W USING THE QUADRATIC FIT OF THE-----

C w=w=- ARE USED IN THESE EQUATIONS SINCE RRB-RRA/AA=-{QQA-QQB/AB)-----
C
100 WW=(3.0396408001-(({DREMN+2.7574D001)/0.286337000))
HW=5.513294D00-L3QRT (KWW )
0Q=2.000%{ WxW-1.D00)/( HW*(G+1.000))
AR=0SQRT12.000%(G-1.000}%i1.D000+({G~1.000 )3KxW/2.000) )%
c (GRGZ¥WXH=2.000))/( (G+1.D00 )1%n)

PR={2.D00%G/1G+1.D00 ) )xxW-( (G-1.D00)/(G+1.0001})
DR={(G-1.D00 1*WxWN+2.D00)1/( {G+1.D00 13N )
EREIMN=DQ+( AR-1.000 )%G2-( AR¥G1/G )*DLOG( PR*( DR**G ))
IF (DABS!{EREIMN-DABS(MREIMN)).LT.0.1D-5}) GO TO 110
DREMN = (DABSIMREIMN) - EREIMN) + OREMN
GOTO 100

c
110 SAl = (G1/G)%DLOG( (2.D00%GH{ N®%2 )-G+1.0001/(G+1.D000)
SA2 = GI®DLOG(({G~1.D00 In{WNn%2)¢2)1/11G+1.D00 in(Muus)))
IF{SHKDIR.EQ.2) THEN
SAP = SB -~ SAl - Sa2
SBP = SAP
ELSE
SBP = SA - SAl - SA2
SAP = SBP
LN . END IF
. 103 IFISHKDIR.EQ.2) THEN
CSRMN =2t IDEXP(ISBP-SAV/G2'181SA - %3P ‘el
ELSE
CSRMN s{ IDEXPIISAP-SBI/GI I8 "B - “ap eal
END IF
IF(SHKDIR.EQ.3) THEN

C ~-=---REIMAN VARIABLE CHANGE WITH V CURVE., NOTE LEFT MOVING SHOCKS----




